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PREFACE 

The aim of this book is to set forth the rational 
bases of all true educational work. It is believed 
that such bases can only be found in those modern 
developments of logical theory which have marked 
the latter half of this century. Hence, but little of 
the traditional formal logic will be found in the 
book. As a mental discipline I believe that formal 
logic has considerable value, but it seems to me 
certain that we cannot find foundations for modern 
education in a logical theory developed under a 
conception of knowledge very different from that of 
the present day. 

After the whole of the present book was planned, 
and much of it written, I read in an interesting 
" Review of Educational Currents of Thought in 
1895 in Central Europe," published in the Report of 
the Commissioner of Education, 1896-7, issued by 
the Central Bureau of Education in the United 
States of America, a passage which so exactly ex- 




presses the conception under which I i 
that I venture to quote it : " Logic . 
the development of a view by which the world of 
phenomena can be actually understood and the truth 
found. It endeavours to prove that by proper percep- 
tion, consideration, and comparative observation, by 
an arrangement and adjustment under definitions (con- 
sequently by critical judgment and conclusion), and 
by convincing argument and reliable development 
of a scientific system (by means of continued and 
strict induction, deduction, and classification) science 
originates, and a proper view of the world can ne 
gained and made perceptible. 

" Such a logic will show how the growing human 
being must be directed so that the physical and 
psychical germs of possibilities of a later develop- 
ment within him may grow towards perfection, and 
that his whole earthly existence may present the 
realization of ethical and aesthetic ideals. It there- 
fore points out the course to be pursued by individual 
training, and outlines the duties of social education, 
which, in its ultimate aims, is more definitely defined 
by ethics. It is the duty of the teacher, therefore, 
to see that upon the foundation of the original work 
of the expounders of this science, a logic be prepared 
in which all useless ballast from formal logic ... is 
omitted, and a scientific methodology (induction, de- 
duction, &c), be foun ' basis of the qualities 



iod laws of human thought which have been made 
objects of perception by psychology. Upon the b*«i* 
yf such a logic alone can pedagogy establish the lawi 
u( intellectual education and found a pedagogical 
methodology" (vol. i., p. 133). 

My experience with the students of the Depart- 
ment for the Training of Teachers at th-.' Yorkshire 
College for the last eight years has convinced me 
that such a treatment of logic appeals to them as 
both helpful and interesting, especially if its reality 
is brought home by the analysis of actual specimens 
of human reasoning such u are given as Exercises 
at the end of this book. 

In such a work as this it would be pedantic to 
nr.-mpt tn mention all the logicians from whose 
writings I have derived inspiration and suggestion, 
but I cannot refrain fr.im expressing my special 
obligations to Dr. Bosanquet, Dr. Bradley, and Mr. 
Hobhouse. My thanks are due to Mr. W. P. Welpton, 
lecturer on Education at the York Training Col- 
lege, for his kindness in reading certain portions 
of the book in manuscript and the whole of it in 
proof, and suggesting various improvements. 

J. W. 
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OXSKSAL S .4 TUBE OF KXOWLIDGS 

. — Bacon begins one of the best-known of his Kducrttw 
. with the words: '"What is truth!' said t,i,.ivk,!,-. 
I Pilate; and would not stay for an answer." 
icther or not this is a libel on the Roman pro- 
certainly represents a mental attitude 
trhich cannot be adopted by the educator. One of 
the main parts of bis work is teaching. And 
['•aching baa a two-fold aspect — on the one band it 
regards the pupil, and on the other it regards the 
subject taught. Between these two it tries to 
establish the relation we call knowledge. The aim 
of teaching is, then, to lead the pupil to attain 
knowledge, ami to develop in him the power of 
uMng and extending that knowledge. 

§ S, — Now, if we ask ourselves what we mean by KnnwMn 
'knowledge ' wc can find no other answer than that ,u,d ' ^^1 " , ■ 
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it is that part of human thought which 
And human thought is true just so far as it 
with the actual facts of the world. All knowle 
is, then, a grasp of truth. Not indeed of the i 
truth : that we do not know, and never shall knoi 
For the whole truth is the totality of reality i 
existence ; in other words, the universe. Aa thi 
infinite it can never be grasped by the finite 1 
But, as generations succeed each O 
Ivances. Taking each new position ■ 
a fresh starting point, man uses the knowledge 1 
has acquired as a key to unlock fresh mysterw 
"What was so wonderful to our forefathers that i 
could only be accounted for by the assumptio 
supernatural agency is regarded by us ai 
place. Thus the bounds of superstition are i 
tinually contracted. For superstition has play c 
where knuwledgo is absent and fancy takes its plac 
As Mr. Clodd remarks, " magic rules the life of 
the savage, 1 ' 1 whilst the life of civilized man tends to 
become more and more completely ruled by a 
rational conception of law and system. 

S 3. — The thought of the modem civilized European 
is then, especially at first sight, very different from 
that of the savage. But this must not blind us to 
the fact that there is continuity between then) ; that 
the former has been evolved slowly and with difficulty 
from the latter. "The low intellectual environment 
of man's barbaric past was constant in his history for 
thousands of years." 3 It was only when man began 
to think and enquire, as well as to feel and fancy, 
that knowledge began to take the place of belief in 
magic, in charms, in fairies, and in all the other 
apparatus hy which savage man attempts t*> explain 
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on he sees alxmt liim. For modrro 
Europe this birth of thought took place in Grerm 
fan than three thousand years ago. Since thru 
there has been gradual advance, not however vilboal 
lung periods of stagnation, and even of retrogression. 
We need not go back very far to find superstition 
governing most of the life of the majority of English- 
men. King James I. believed firmly in magic, and 
in hia book on D<xmonology, he speaks of tin- " devil 
teaching how to make pictures of wax or clay, that 
by roasting thereof the persons that they bear the 
Mine of may be continually melted ordried away by 
uckness." And James was "the British Soloinmi 
Indeed, we need not leave our own day to find many 
■■nptea <'f the truth that whenever knowledge is 
uli.i.'ni BUptuatittDU reigns. The thorough -going con- 
ception of the universal) ty of nat u ra I la« exist* amongst 
comparatively few even in our own day. " Scratch 
the epiderm of the civilized man, and the Iwrbariuii 
is found in the derm " says Mr. Clodd with undeni- 
able truth. " In proof of which," he goes on, " there 
are more people who believe in Zadkiel's Vox 
S'cltoruni than in the Nautical Almanac ; and rare 
arc the households where the Book of Dreams and 
fUriurw Teller are not to be found in the kitchen." ' 
And again : " As many a stable-door and mainmast 
testify, the nailing of horse shoes to ' keep off the 
pistes,' and, conversely, to bring luck to farmer and 
sailor, thrives to this day.''" Many other examples 
are given by Mr. Clodd in the very interesting book 
from which we have quoted, and doubtless, every 
reader wil J be able to furnish additional instances. 
But enough has been said to illustrate the point that 
the outcome of ignorance is superstition. 

Now, it should bi? noted that superstitions have 
1 Op. eii„ p. 97. ' lk,d., p. 34. 



4 THE LOGICAL BASES OF EDUCATION 

tl«t-if origin mainly in man's feelings and emotii 
and especially in the emotion of fear, for 1 
unknown generally inspires terror in a mind I 
has little or no conception of natural law. 
superstitions are not merely mental errors, they h 
a practical bearing, for, in so far as they are believe 
they determine conduct. 

Further, what has been Baid has made it evi 
that the only cure for superstition is increased km 
ledge. And this has a deep interest for 
educator i for, to again quote Mr. Clodd, 
of life largely consists in that control of the emotiol 
and that diversion of them into wholesome chain 
which the intellect, braced with the latest knowlec 
and with freedom in the application of it, i 



§ 4. — The above remarks have brought 
prominence several important points which i 
do well to consider. In the first place we i 
all belief is not knowledge. Belief is unquestiot 
acceptance by the mind. But the savage believe 
firmly in various forms of magic as the civilized a 
does in the law nf gravitation. And h 
influence his actions. " The fia.su to avoids the rive 
hank, lest, as Ins shadow falls on the water, ; 
crocodile may seize it, and harm the owner .... 
the Arabs believe that if a hyena treads on a shadow, 
it deprives the man of the power of speech." 2 Now 
it nmv seem strange that such beliefs have been able 
u> survive for so many generations the continual 
s they must have received from experi- 
", this would be inexplicable were it 
* piece of experience — the fact of the 
which human nature shows 
"tcard to its beliefs. Prejudice is an enormous 
.... lot). " Bit., PP. 79-80, 
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force in human life, and nut less potent 

Inertia which nutkai it hud for men to strike 
out a new line of thought for themselves. "It i» 

■ " « bich opposes 
utess of truth; ii is indolence, obstinacy, tin- spirii 
of routine, everything that favours inaction." ' It i« 
only when this mental indolence is overtime, nhfii 
the spirit of enquiry is roused, that men U-gin to 
ask why they believe litis or that, and accord 
the answer to retain or reject the belief. 

This leads us to Bee both ili> > I ■ il* ■ r'< ■ 1 1«_- 1* and the 
connexion between belief and knowledge. -So far ft* 
the mental state of any individual is concerned, 
belief and knowledge are an far alike that both are 
of full assurance of the truth of the matter in 
question. But they differ in this — that in tin- '"i-<' 
of knowledge alone this assurance can he shown to 
be justified by evident* other than itself. For ex- 
ample a savage believes that an earthquake is the mark 
anger of some supernatural being with those 
who suffer its eiWls, hut In- i-;m lulni.: forward no 
evidence outside the earthquake itself to xupport his 
belief. On the other hand, the modern scientific 
man can show by unimpeachable evidence that the 
earthquake is the result of natural laws and is itself 
an expression of the orderly working of t he universe. 
In thus relating the earthquake to other physical 
events be has replaced what was mere belief by 
knowledge. 

There is a further and most important distinction. 
Belief is always an individual act. Any number of 
persons may, indeed, agree in believing the same 
thing, and this we loosely call "sharing a belief " or 
" holding a common faith." But the belief is not 
common if we use our words strictly. What is 
' Quoted by Mr. Clouii, op. cil,, p. 108. 
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common is the object of belief : each man be 
for himself, each man feels his own full aasui 
Anil this assurance he cannot communicate 
another. The utmost ho can do is to influence t 
mind of him whom he wishes to convert s 
incline him to accept the same object of 1 
Belief is then, in its very essence, particular ; that is 
it is the state of some one individual mind. Knoi 
ledge, on the other hand, is universal ; that i 
it is common to any number of minds. This i 
because knowledge is, as has been already s 
grasp of truth, or, as we may put it in 
words, an insight into some portion of reality, 
follows that knowledge is not dependent on 
individual mind, for neither the belief i 
thought of any individual can alter an element i 
the real world. It is true that knowledge 
increased by the work of individual minds. But oi 
a piece of knowledge is arrived at it can 
munieated to others and made common 
Tills is so Iwcause the evidence which establish* 
every piece of knowledge can be made 
course, when a piece of knowledge is grasped 
an individual mind, it is believed, and it becomes 
part of the contents of that mind ; the act of 
knowing is thus individual. But whilst belief is 
nothing beyond the act of believing, knowledge 
is not the mere act of knowing. For nothing is 
knowledge which is not based on evidence sufficient 
to prove it, that is, which is not shown to be part of 
the order of the world. Any mind which can 
appreciate this evidence is forced to accept the piece 
of knowledge which is thus substantiated. Hence, 
all knowledge is in its very essence universal in its 
nature ; for all minds which can understand it must 
accept it as something not merely believed but 
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iih actually proved, and therefore known to be 

true. 

This fact that all knowledge U of the truth, whilst 
belief is frequently of the false, lemls us to see that the 
general conditions of knowledge are independent of in- 
dividual beliefs. Men have, indeed, often believed they 
possessed knowledge when future advances have shown 
that their supposed knowledge was imperfect or 
even false. Such a mistake is easily understood when 
it is borne in mind that to the individual both 
knowledge and belief are states of full assurance ; 
that all knowledge is belief, though all belief is not 
knowledge. It is easy, then, for a man to deceive 
himself as to the extent to which his beliefs are really 
supported by sufficient evidence, and especially so 
since even his power to appreciate the weight of 
evidence is partly dependent on the amount of his 
knowledge. He may, then, easily confuse considera- 
tions which appeal to his prejudices and agree with 
his. beliefs with true evidence which appeals only to 
his reason. Such considerations help us to see that 
whenever what is not true has been mistaken for 
knowledge the reason has been that the real condi- 
tions. it knowing have been departed from. When 
these conditions are really fulfilled, knowledge results. 
Tt will lje our task in this book to examine the nature 
of these conditions. 

^ 5 — A second point brought out by the compari- sarage 
son of the thought of savages with that of civilized ^""P 1 ^ 
man is that at all times man tries to find some 
explanation of the world in which he lives. At every 
moment of his life he is brought into contact with 
objects and phenomena over which his wishes and 
feelings and thoughts have no control. The storm 
comes and sweeps away his hut, the stin rises and seta, 
i -ion waxes and wanes, the clouds gather and 
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disappear, ( 'r again, his own actions frequently 
have results which he neither forsees nor desires. 
He eats a new berry and is ill. He steps on a 
stone in climbing a hill ; it gives way under him, 
he falls and is injured. Even consequences which 
lie can foresee, in many cases he cannot prevent. 
He fails to find water and suffers thirst ; he is 
overtaken by the prairie fire and is burnt. 

Thus even at the lowest stage of development man 
cannot help finding himself in the midst of a world 
of which he forma a part, but which exists independ- 
ently of him. But the savage has not in the strict 
sense of the word begun to think. He is too fully 
occupied in keeping himself alive to concern himself 
with anything which has not a direct personal 
bearing. Especially must he be continually on guard 
against agencies that may work him ill. He in 
always finding new sources of evil to himself, and he 
is inclined to suspect the unknown. Savage man 
thus never looks at his world as a whole. For him 
it consists of isolated things and events which have a 
bearing — generally evil — on his own life and his own 
comfort. The most obvious explanation which 
occurs to him is to attribute to all things those 
powers of life which he himself possesses. Every 
thing is alive, or is at least the abode of a living 
spirit, generally of a malignant nature. Hence 
arises that general belief in magic which marks all 
races of savages. 

So, too, savage man has not learnt to distinguish 
between realities and symbols. Nothing is con- 
nected with a man more uniformly than his shadow ; 
hence it is believed that a man may be injured 
by doing to his shadow what would injure the man 
"1 done to himself. Similarly a man's name ia 
elieved to be an integral part of himself, and it is a 
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universal belief nmongst savage* that if an enemy 
ntowa a man's name he tins liim in hi- power 
■ ■■ pwntly, iii uiHiiv tribes the real names are 
kept secret and every individual is known by a 
nickname. 

These few examples warn us agait 
to find any consistency in the philosophj "t" the 
savage. He attempts to explain his world nol m ■ 
whole bnt piece by piece. He has hardly indeed 
begun even to ask himself what these separate 
objects of bis experience are ; of their real properties 
he is profoundly ignorant. Still, he has begun to 
see, though most dimly, that there are relations 
things. It is true that the only relation h 
lie founds his attempts at explanation upon are those 
of striking, but often very siijh-i tk-iitl, iv-i-inlilain'i'. 
Vet it is in this vague and fragmentary recognition 
of relations that science has its root. 

g 6. — As man begins slowly to emerge from K> 
avagery less and less of his time and energy is \|' 
occupied with the mere preservation of his life, So " ■ 
he begins to find time to feel curiosity about those 
things which do not immediately affect him, and 
about the world as a whole. But the 
influence of the traditional beliefs remains strong. 
He still regards himself as the centre of the universe, 
the being for whose benefit sun, moon, stars and 
e made. Consistently with this he still 
thinks of 'things'- — i.e. material objects which tan 
i through his senses — as independent 
s of reality whose nature is not affected by the 
relations in which they stand to each other. In 
other words, he regards the world as a sum of things 
relations with each other are accidental. 
From this point of view ' things ' are units of < 
■nee which can be re-arranged in any way, like 
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of ninepins or a group of billiard balls, without 
altering their nature. 

Within such a philosophy there is still abundant 
room for magic and supernatural agencies. For 
whilst the relations between (lungs arc regarded as 
indill'iTciil, : t n 1 1 variable in any way without affecting 
the nature of the things related, it is obvious that 
those relations will not be carefully investigated, 
and the analogy of a living agent will still bo con- 
tinually called in to explain occurrences which are 
not understood. So fairies and witches remain part 
of the machinery of the world, and means must be 
taken to guard against their evil influence. Hence 
the survival of the use of charms, which is still 
extremely common amongst the majority of the 
people of Western Europe. " Many a fragment of 
cabalistic writing is cherished eh id concealed about 
their persons by the rustics of Western Europe as 
safeguards against black magic." 1 

Again, so long as the relations uf things are not 
regarded as important to the constitution of reality, 
and so remain unstudied, relations of striking like- 
ness will continue to exercise undue influence over 
man's attempts at explanation. Thus, " doctors in the 
seventeenth century . . . with . . .perchance unconscious 
humour, gave their patients pulverized mummy to 
prolong their years. ' Mummie,' says Sir Thomas 
Browne, ' is become merchandise. Mizraim cures 
wounds, and Pharaoh is sold for balsams.' " " Even 
in the present day " in Suffolk and other parts of 
these islands, a common remedy for warts is to 
secretly pierce a snail or ' dodman ' with a gooseberry- 
bush thorn, rub the snail on the wart, and then 
bury it, ao that, as it decays, the wart may wither 
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■way." ' This is quite on a level with tin- action <<f 
the Cheroki Indiana when " to ensure u fine voice, 
they boil crickets and drink the liquor." 2 

§ 7. — Insufficient as is the explanation of the 
world which sees in it only a sum of things which 
may enter into any relations with each other without 
affecting their own nature, it yet satisfied the mind 
of man till a few centuries ago. It was only with the 
birth of modern physical science that men really 
began to appreciate the importance of relations in the 
constitution of the world. But the old view of the 
independence of tilings still remains the philosophy 
of all the uneducated — that is, of all young children 
and of the great majority of adults. And it is from 
that view the educator must start in leading his 
pupils to a truer conception of the world. In this 
respect, as in so many others, the child epitomizes 
the evolution of the race. 

It may be said, then, that modern science began 
with the discovery that the nature of things is 
affected by their relations. And (his discovery was the 
necessary result of a deeper .studyof things themselves. 
Even to a superficial observation it was evident that 
many things change according t« the relations 
in which they are placed. The clouds are 
scattered by the wind, the snow melts in the 
sun. With other tilings, indeed, the case seemed 
different, and in nothing was stability more 
apparent than in " the everlasting hills." But eloser 
observation showed that even these changed contin- 
uously. Rain and frost, torrent and glacier were 
always at work, and their effects could be seen by the 
careful watcher. Thus, the idea that change is the 
characteristic of all tiling, and not a mere accident to 
some, began to take firmer and firmer hold of men'3 

' Op. tit,, p. aa » mi. 
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minds, though doubtless it was long before the stage 
wan reached which is expressed in Tennyson's lines, 

" The hills arcs shallows ami they flow 

From form In form ami nothing stands ; 
They melt like mist, the solid lands, 
Like elomls I lu:j shuni.. [ hrinsth't.'!i and go ! " ■ 

F^ctOTsof J5 ut change implies an agency which causes the 
change. Either this agency is to be found in the 
nature of the thing itself, in some other thing in 
active relation to it, or in a combination of the two. 
Now, the agency of things from without, is in many 
cases obvious. Trees and land are washed away by a 
torrent, smiling fields and prosperous cities are over- 
whelmed by a volcanic eruption, fire burns and water 
drowns. Hence, agency from without has seemed to 
some a sufficient explanation of all change. In this 
too we find the survival of the older belief, though 
under a new aspect. The older belief regarded things 
as essentially stable, and all change as accidental 
and exceptional to the general order. When 
change was observed it was attributed to external 
agency. The newer view was in opposition to 
this in regarding change as the normal state, but it 
agreed with it in attributing all change to outside 
agency, though the agency sought, was that of material 
things instead of that of supernatural beings and 
unknown powers. 

Such a view, however, cannot survive deeper 
critical examination. External influences are soon 
seen not to be the only determining factors. An 
acorn and a grain of corn may be planted side by 
side and exposed to the same influences of soil and 
weather, but the one will develop into an ear of 
corn and the other into an oak tree. It is true that 

1 /« i!i iiiorh'ui, i.'xxiii- 
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neither will develop at all apart from appropriate 
conditions of soil and climate, and so their develop- 
ment is determined by those external conditions. 
But it is equally clear that, given the conditions, the 

development which actually takes place is determined 
by the thing's own nature. And this nature is the 
essence of the tiling itaell. Grains of corn buried 
with the Pharaohs for thousands of years have been 
sown, and have borne fruit. External conditions are, 
then, contributing factors in development, but they 
alone do not determine the nature of that develop- 
In the animal world the same thing is yet more 
manifest. An animal is much more independent of 
external conditions than is a plant, for by changing 
his locality be may seek conditions which suit him. 
To the extent to which he can do this he determines 
Iiis conditions rather than is determined by them. 
Doubtless the latter factor in his life is not absent, 
and in the course of ages may profoundly modify his 
constitution. But the mere influence of surround- 
ings will not account for the whole of animal life.' 

In the highest degree of all is this self -de termina- 
tion seen in man, who, by the exercise of his reason 
and will, can modify In- environ men t in all kinds of 
wavs. What a man does and becomes is, of course, 
influenced by circumstances external to himself, and 
that often in a very great degree. But his conduct 
and life are not absolutely determined by those 
circumstances, but are regulated by the man's own 
nature. 

Even in the inorganic world the same thing is 
seen. Soil is washed away by a torrent, but both 
the extent and the mode of the del nidation is deter- 
mined by the nature of the soil itself as well as by 
the character of the torrent, Many solids melt 
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when exposed to heat ; but whilst wax liquefies at 
65° G, lead remains solid till 335" C. is reached, and 
iron only leaves the solid state at a temperature of 
1200° C. 

Throughout then, it is seen that all change in 
any object whatever is determined both from within 
and from without. The extent and time of tho 
change are mainly determined by action from with- 
out, but its character is, at any rate partially, 
determined by the inner nature of the thing. 

It is only when this is fully grasped that the 
ei inception arises that every change which takes 
place is necessary. And by ' necessary ' is meant that 
given such a thing under such conditions, such a 
change must take place. This is the conception of the 
universality of law which marks modern scientific 
thought. We are apt to underestimate the scope of 
this principle. As Professor Huxley put it : "Even 
thoughtful men usually receive with surprise the 
(Sjtgestion, that the form of the curl of every wave 
that breaks, wind-driven, on the sea-shore, and the 
direction of every particle of foam that flies before 
the gale, are the exact effects of definite causes ; and 
as such must be capable of being determined, de- 
ductively, from the laws of motion and the properties 
of air and water." 1 Such an example shows how 
limited our knowledge really is. It is mainly 
under the pressure of some practical interest that 
men strive to extend their knowledge. And so 
it ts only about a few classes of things and events 
that men consider it worth their while to think 
accurately — that is, to think truly, or to know. 
But accurate thought is si-iciitifio thought. We are 
apt to suppose that nothing belongs to science except 
those few phenomena about which men do try to think 
1 Snme, p. 122. 
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accurately. But the scope of science is the scope of 
the possibility of knowledge. As the late Professor 
Clifford said: "Scientific thought does not mean 
thought about scientific subjects with long names. 
There are no scientific subjects. The subject of 
science is the human universe ; that is to say, every- 
thing, which is, or has been, or may be related to 

The scientific a inception of the universality of law J 
w, then, an attempt to explain everything which 
happens* in the universe by the relations involved. 
If these are made clear, then, assuming that the 
nature of the ' things ' related remains constant, 
any change is so far accounted for that it is shown 
to be consistent with what is already known of the 
action of thing on thing. But modern physics goes 
further and tries to explain the nature of the 
1 things ' of ordinary life — the animal, the plant, 
the rock, the water — on the same principle. It 
seeks " the final constituents <rf the physical world 
in countless atoms, invisible from their minuteness, 
persistent in their duration, and unchangeable in 
their properties. These atoms .... produce by 
the variety of their positions and motions the 
different kinds of natural products and their change- 
ful development." a The atom, then, is assumed to 
have no positive quality of its own to produce change 
— it simply persists unchanged as a centre of the 
action and reaction of forces. Change is thus the 
result of energy ; it is only a rearrangement of the 
forces centred round the atom. Hence, the ultimate 
reality of the universe is found in energy, and this 
mechanical explanation of the world assumes its 
most developed form in the doctrine of the con- 
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'*•.-. Ivory is certainly simple, 
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the bounds of science into philosophy. As Dr. Han 
says: "Science will not teach us to understand 
nature and life .... it is tlie philosophical or 
religious problem." l But it is only when the inter 
mediate or scientific stage has been paused through, 
and this ultimate stage reached, that education en 
lie said to have accompli shed its work. A conception 
of the necessary order of development such at we 
are sketching, is, therefore, a part of the essential 
equipment of the educator. 

The idea of system is partially recognized in the 
scientific view. For according to it the universe is 
no longer looked upon as a sum of independent units, 
as in the interpretation of sense-perception, but as 
composed of parts in essential relation to each other. 
The philosophic view simply completes this idea of 
system and makes it the basis of all interpretation, 
and in doing so it takes up into itself what is true 
in each of the preceding modes of interpretation. 
It will be well, then, to consider briefly what is really 
meant by a ' system." Let us do this by taking a piece 
of machinery, say a watch, as an illustration. The 
watch consists of various wheels, springs, and other 
' works ' ; but these do not constitute a watch unless 
they are arranged in a certain definite way. The 
watch is, therefore, not merely the complete sum of 
its parts ; there is no watch unless those parts are in 
certain relations to each other. Further, the mean- 
ing of each part depends on those relations ; for its 
meaning is the share it plays in that work of measur- 
ing time for which the watch exists. But this share 
it is only able to perform through the action upon it 
of the other parts of the watch. A knowledge of its 
relations to those other parts will, then, enable us to 

1 HUtory of European Thought in tlf Xiwlinilli Century, 
vol. i., p. 383. 
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understand how the part in questiun does its work. 
An insight into why that work is done involves 
however, a knowledge of the purpose for which the 
whole watch exists and of the relation of the activity 
of this part to the total activity by which that 
purpose is carried out. A complete comprehension, 
then, of any one part of such a system involves 
n knowledge of the relations of that part to 
every other part, and to the whole. Of course, 
these relations are of very different degrees of 
directness. But in a system there is no break, 
and therefore every part is connected, directly or 
indirectly, with every other part. Complete know- 
ledge of any one part would include knowledge 
of all its relations — direct and indirect — -and would, 
consequently, be knowledge of the whole. Of a small 
and artificial system like that of a watch such 
complete knowledge is attainable, but the wider and 
more complex a system in, the more difficult it becomes 
to reach such perfection of knowledge. Still the 
characteristic features of a system are the same, no 
matter what iti extent and complexity. The scien- 
tific view then, by insisting on the essential part 
played by relations in the universe, begins to regard 
it as a system. The philosophical view by emphasiz- 
ing the essential relation of each part to the whole, 
that is, the purpose or function of each part with 
respect to the whole, as that in which alone com- 
plete explanation can be found, develops and com- 
pletes this conception. 

Of this system of the universe the total knowledge 
of mankind is very imperfect. Still more imperfect 
is the knowledge of each individual man, for meagre 
as is the total knowledge of the race it is yet bo ex- 
tensive as compared with the limited capacities of 
each individual that no one can master more than a 
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filial! portion of il. Hence ire tiave special!*** ; that 
is, the totality of the field of knowledge a divided 
up into sections, and each thinker L-onfitw* hi* 
' efforts to a more or Jess limited section. These 
sections, which we are ae c att orned somewhat looaely 
to regard and speak of an separate ' sciences,' are 
more or less folly organized ay* terns in thi 
and they are in turn divided by us into smaller 
constituent systems. The conception of system, 
therefore, determines all man's attempts at organising 
knowledge. We have a counties.-* number of small 
systems, themselves constituents of larger systems, 
and so on till we reach the all-embracing system of 
the universe itself. And throughout all there is 
continuity of relation, so that even the smallest 
thing— a grain of duBt or a passing whim — is in 

Iential connexion with every other part and with 
• whole. As Tennyson beautifully says — 
S 9. 



" Flower in the crannied wall. 

1 pluck you out of t tie crannies, 
I hold von here, root and all. in my hand, 
Little flower — but if 1 could iiiiilenitiuul 
What yon are, root anil all, and all in all, 
1 should know what God and man is." 






§ 9. — But it may be asked " In what sense can i 
this ultimate stage be called knowledge? Is it tied 
rather a piece of philosophical imagination or of ' 
religious faith J " To answer this question we must 
investigate somewhat more fully the nature of 
knowledge. 

Knowledge, as has been said, is an insight into 
the nature of reality. In other words, the object 
of knowledge is always some portion of that real 
world of which we ourselves form a part. Now we 
are brought into contact with reality in every 
piece of sense-experienec. We look, and what we 
a 9 
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see is independent of our wish ; we listen, and cannot 
determine what we shall hear ; we touch, but the 
surface touched is not influenced by our desires ; 
we taste and smell, but the resulting sensation is 
due to the object tasted or smelled. In a word, 
what we perceive is given us, is determined for 
us by the nature of the real world. Thus, reality con- 
strains us, and it is this constniining power which 
marks off reality from fancy. But reality is not 
simply what we experience through our senses here 
and now. We find the same constraint in memory. 
"We can recall our past doings und experiences, and 
much as we may wish them different from what 
they were, we cannot believe them different. 
They also are part of our reality. They form our 
real past, which is often as different as possible from 
the past we like to fancy. This same constraint is 
not felt as regards the future. That, indeed, we can 
often anticipate, but we know the anticipation is only 
more or less probable, it is never absolutely certain 
as is the past. 

But neither present sense-experience nor memory 
of the past does more than put us in touch with 
reality. It gives us the material of knowledge, 
but not knowledge itself. Even in the simplest 
case, what is given to the senses has to be inter- 
preted by thought. I see a yellow sphere of two or 
three inches diameter and I recognize it as an orange, 
and acting on this recognition I attribute to it 
many qualities and relations other than those now 
present to my senses. I say it is juicy and the fruit 
of a tree which grows in a warm climate. This and 
much more the little yellow sphere means to me. 
But very little of this is directly given in experience. 
Some of the rest has been given in my past experience, 
some I have received on the testimony of others, 
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mm I have inferred. Or again, I wake in the morn- 
ing and see the ground covered with snow, whilst my 
memory tells me there was no snow there when I 
went to bed the night before. I feel no hesitation 

in saying the snow has fallen from the clouds during 
the night. But I do not know this by sense-ex- 
perience ; I infer it. No doubt the inference is 
based on past experiences, but it is itself neither 
an experience of the senses nor the memory of .such 
an experience. And, of course, even in explaining 
the white appearance which the ground presents to 
my sight as due to a covering of snow, I am going 
beyond sense-experience in the same way as in the 
case of the orange we have just considered. 

Further, sense-experience leaves many gaps which 
thought must fill up. For example, I left my 
house this morning and returned to it this »f ternoon. T 
quite expected to find it standing just where and how I 
had left it. But it had not been presented to my 
senses all day, nor had I received the testimony of 
another to whom it bad been thus presented. Yet I 
feel no doubt that it continued to exist, for other- 
wise I must assume that it cornes into being just as 
some one happens to look at it or touch it, and goes 
out of being immediately it ceases to be perceived. 
But this is unthinkable, for it contradicts the only 
possihle explanation of reality. If the existence of 
things were dependent on their perception, then 
obviously they could not compel that perception. 
But this contradiction is, of course, made manifest by 
thought, not by the testimony of the senses indepen- 
dently of thought. 

Hence in every case we see that sense impressions 
have to l>e interpreted by thought before they can 
have meaning for us, and without meaning they 
cannot enter into knowledge, When so inter- 
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preted we call them ' Coots.' A ' fact ' then is a 
thing or event interpreted by thought. And this 
interpretation is, speaking broadly, the harmonizing 
the present experience with experiences received in 
the past. 

Such interpretation may, no doubt, be wrong. The 
yellow sphere may bo a skilful imitation of an orange, 
and not the fruit itself ; the whiteness of the ground 
may be due to hoar frost, and not to snow. In such 
cases, however, further investigation shows the mis- 
take by bringing to light something inconsistent with 
our suggest' 'i 1 explanation. The mock orange con- 
tradicts past experiences of touch and taste ; we find 
appearances in the hoar frost which we do not find 
in snow, or some one who has been out all night 
assures us that no snow has fallen. Truth cannot 
contradict itself ; whenever, therefore, we find con- 
tradiction, we know that we have falsity. All 
thought, must postulate this, for, without it, thought 
itself becomes impossible. Thus we do not hesitate 
to reject even personal testimony on the ground that 
it is inconsistent with the only explanation which 
will harmonize an enormous number of other experi- 
ences. For example, when " M. Louis de Rougemont " 
asserted that, whilst swimming in the sea ten miles 
from land, he could see the natives " putting out in 
their catamarans to help us," l we declined to 
accept the statement as true, on the ground that the 
rotundity of the earth would make the alleged fact 
impossible unless those savages were some sixty-six feet 
in height. No one thought of accepting the writer's 
statement as a disproof nf the general theory of the 
shape of the earth, for to do so would have been to 
accept as a fact a contradiction to innumerable other 
facts as to whose, reality there can be no doubt. 
1 With World Magazine, October, 1S9S, p. 6. 
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Of course, it not infrequently happens, as hag 
already been said, that what ia at one time regarded 
as true is found at a later period to lie talee. 
This always takes place when some previously un- 
known facts are discovered which ate inconsistent 
with the accepted explanation. We continually 
have examples of this in oar daily life, and the 
phrase " Ah, that throws a new light on the matter 1 " 
indicates that the explanation which had hitherto 
been satisfactory to us, as harmonizing all the facts 
known, is now, by the knowledge of other facte 
inconsistent with it, found wanting. We must then 
seek a new explanation which will find a place for 
these new facts as well as for those formerly known. 
In the history of the world's thought probably the 
most striking example of this was the substitution of 
the theory that the sun is the centre of the planetary 
system for the theory thai the earth holds that posi- 
tion. Here also it was the discovery of new facts 
which made the old theory untenable, though it had 
for centuries sufficed to harmonize all that was known 
of the motions of the heavenly bodies. 

It appears, then, that consistency with all other Tiic' 
knowledge is the test of truth, and it follows that, as " 
knowledge is always advancing, it is often impossible 
to say with absolute assurance that any particular 
item of our interpretation of the world is true. 
Further knowledge may, in many cases, necessitate 
a. revision of such interpretations in the future as in 
the past. 

As knowledge grows, however, the amount of fully 
established truth is gradually increased. An item 
of interpretation must be held to be absolutely estab- 
lished as true whenever it is the only possible 
explanation of the facts. If the ground is covered 
with snow, snow must have fallen from the clouds. 
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Similarly, the assumption of tlie continuous e 
of material objects independently of our perception 
of them is the only possible way of bringing con- 
sistency into our experience. Whenever, then, an 
explanation is 'necessary,' in the sense that to refuse 
to accept it would be to introduce contradiction into 
the thought and experience of mankind, that ex- 
planation is as much a part of knowledge an is the 
actual experience to which it gives meaning. 

It is in these considerations that we find the 
answer to the question with which we began thia 
section. It is in this sense of necessary explanation 
that we hold the theory that the universe is a 
self-determined system — the expression of a rational 
activity which manifests itself in all the changes 
which are, or ever have been, or ever will be — to be a 
matter of knowledge. It is the only interpretation 
which can harmonize the thought and experiences of 
mankind, and give a firm basis to knowledge- 
Moreover, the very fact that we can interpret the 
world and give a nieaning to what goes on in it 
proves that the world itself is rational. Rational 
thought could And no meaning in it world which was 
not itself the expression of rational thought, for 



nothing but the rational has meaning, 
this assumption, man's knowledge is 
without foundation. 

§ 10. — We see, then, that in every c 



Without 
edifice 



great ;i 



well as small, the material of knowledge is given us 

we cannot make reality oilier than it is. But, on 

the other hand, this material only becomes intelligible 
when it is interpreted by thought. It is thought 
which makes reality known to us. In this sense 
man may be said to construct his world. Indeed, 
each one of us constructs his own world, for each 
ene of us comes into contact with reality in his own 
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individual experiences, and interprets* those ex- 
periences according to his own amount of knowledge. 
But no two of us have either exactly the name 
experiences or the same knowledge. Consequently, 
each one of us sees the world from a standpoint 
somewhat different from that of all others, and sees 
it through a different medium of personal knowledge. 
Yet there is common knowledge, for all knowledge is 
of the same reality, and though there are many 
minds yet there is only one kind of intelligence. 
These different individual constructions of reality in 
thought are well likened by Dr. Bosanquet to 
"drawings in perspective of the same building from 
different points of view. . . . Our separate worlds 
may he compared to such drawings : the things 
in them are identified by their relations and functions, 
so that we can understand each other, i.e. make 
identical references, though my drawing be taken 
from the east, and yours from the west." 1 It is, 
then, only by comparison of the construction of 
reality of one individual with that of another, and 
the consequent correction and enlargement of each 
by each, that we have that common knowledge which 
represents the totality of individual knowledges and 
which is the extent to which mankind has grasped 
truth. This is the universal knowledge of which the 
individual knowledge of each one of us is but an 
imperfect reflexion. 

It should he noted that this common knowledge is 
not the product of any one generation. It is the 
result of the attempts of countless generations of men 
to understand more and more of the world — attempts 
prompted from the first by practical needs, and in 
addition, in more civilized days, by the simple love of 
knowledge for its own sake. Every individual outers 
1 Esuatfiais 0/ Logic, p. 18. 
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pustulates § 2. — ■ This relation starts with the very hegi 

KtiuwiedKc. of experience. As Dr. Bosaii.jiict puts it, "Experii 
may be said to begin with the certainity that ' " 
is somewhat.' " 1 The growth of knowledge is j 
the fullerand fuller undei'siiiiidinguf that "somewhs 
Now, this growth has been the work of many n 
continued throughout long ages. Such co-operatioi 
the increase of knowledge is only possible on I 
assumption that human intelligence always woi 
fundamentally in the same way. Its products ii 
differ, for they include all attempts to explain 1 
universe, from that of the rudest savage to that of t 
most profound philosopher. But this d"~ 
due to the different starting points made possible b 
the growth of knowledge itself, not to differences i 
the principles on which interpretation of experii 
proceeds. Such common principles can 
by analysing the process of acquiring knowled^ 
They are called the PoniiJa'v': of Knowledge, becau* 
they are presupposed in all knowledge from the v 
beginning, and are the very life-blood of its gr 
As knowledge grows these postulates get a 
and deeper meaning, but in their essential i 
they are the name throughout. 

Of these Postulates of Knowledge four are of 
importance. They have long been named the Princi 
of (1) Identity, (2) Contradiction, (3) Exclui 
Middle, (4) Sufficient Reason. As they are all 
operative together and each is more or less closely 
involved in each of the others, instead of examining 
them separately it will be convenient to discuss their 
combined scope at each of the three great stages of 
interpretation of the world brought out in the last 
chapter — that of sense-perception ; that of law ; that 

of ^^^^k 

1 Logic, M. 
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$ 3. — The distinguishing mark of the stage of sense- 
perception — which may perhaps be called that of un- 
educated common sense— is that the common ' things ' J 
*hich man perceives by his senses are the ultimate < 
forms of reality. Relations are regarded as indiffer- 
ent; the things stand fast tike " the everlasting hills," 
whilst, relations form and scatter around them like 
the clouds, and with no more effect on their real 
nature. To this view, the world is a sum of separate 
and independent units, and the highest aim of 
■Bowledge is to classify and describe these correctly. 

Here the I'rhii-i/,/-' <if hl*iiti.ty is most prominent, j 
It asserts that the real nature of everything is 
constant. Thia does not deny difference or change. 
Indeed it is only amidst diversity that identity is 
ever known. Oak -trees differ in size, shape, position, 
and in many other ways, yet they have an identi- 
cal nature, shown in a general identity of life-history. 
Time brings changes to all things more or less 
rapidly, and we learn what amount of change to 
expect, and refuse to recognize identity at all if that 
change is not there. If I see a child today whose 
appearance seems to me to coincide with that of a 
child I knew thirty years ago, that very resemblance 
will prevent me from believing that he is the same 
person. Identity, then, is always found amidst 
diversity. 

The Principle of Cmilrmih-lion is essential to give ( 
a full and precise meaning to that of Identity. It ' 
asserts that the same nature cannot have contra- 
dictory qualities, or, in other words, that a statement 
and its denial cannot tioth be true. Of course, the 
statement and its denial must both refer to the same 
piece of reality at the same time. Yesterday I could 
truly say, " I have a headache " ; to-day with equal 
truth I can deny the headache. But these two 
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statements are not contradictory, or in any way 
incompatible, for though both refer to " I," yet the 
" I " in the one case is the " I of yesterday " and in 
the other case the "I of to-day." Indeed the prin- 
ciple of Identity may l>e expressed by saying that 
" what is once true is always true " — for if the state- 
ment refers to anything which chunks with time, it 
does so within definite time, limitations. The time 
limits may lie very narrow, as in the case just quoted, 
or they may be of considerable extent. When a 
statement concerns the essential nature of a tiling, 
its time limits are cnex tensive with the existence of 
that thing. Thus the statement that " oaks spring 
from acorns " must be held as true for all oaks that 
ever have been or ever will be in the world. Here 
we see how the principles of Identity and Contra- 
diction complement each other : that of Identity says : 
oaks are always produced from acorns ; that of Con- 
tradiction denies that they can ever be produced in 
any other way, or that any other growth can spring 
from acorns. 
1 The Priwdple of E-.echuled M~nliil.fi affirms that 
either a statement or its denial must be true, and 
thus completes the Principle of Contradiction, which 
says that one of them must be false. An important 
bearing of this is that when we prove a statement 
to be false we necessarily prove that its denial is 
true. Of course, this principle must be understood 
with the same strictness as those we have already 
discussed. It does not imply that we are always 
sure which of two contradictory statements is really 
true. In every case of doubt we are unable to 
decide this because we have not sufficient knowledge 
in some way of the matter in hand. We may be un- 
able by lifting them to determine which of two nearly 
equal weights is the heavier, yet one of them is 
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the heavier, and a pair of scales may decide the 
question. The doubt is not in the thing!* themselves, 
but in our interpretation of the effect they produce 

The Principle of Sufficient Reason affirms that i 
everything is capable of explanation. At the stage 
of knowledge we are now considering such explanation 
is always imperfect, and very often more or less 
fanciful. As we saw in the last chapter, savages — 
who are the most thoroughgoing representatives of 
this stage of thought — do seek explanation, but they 
seek it mainly in the activity of supposed super- 
natural beings. Indeed, as soon as men seriously 
seek an explanation for the events they see around 
them, they begin to pass into the next stage of 
thought. 

§ 4. — The characteristic of the second — ( 
scientific — stage of interpretation is the attempt to \ 
explain everything in the world by its relations to ' 
other things. As has been already pointed out, 
modern physical science pushes this explanation of 
the things of sense- perception so far that it nearly 
explains them away altogether. It finds the 
ultimate reality in the relations to each other of 
simple and unchangeable atoms, and teaches that 
constancy in the nature of * things ' is due to con- 
stancy in the relations Ijetwecn their constituent 
atoms. The principles of Identity, Contradiction, 
and Exclwtnl Mvlill-: are, therefore, given a wider 
application. They apply now primarily to the 
relations of atoms, and only secondarily to the 
' things ' constituted by such relations. 

Moreover, modern science insists on the truth that 
these ' things ' are in relations to each other, and 
change with every alteration in such relations. The 
actual phenomena of the universe can, then, only be 
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understood when relations of thing to thing are 
investigated. This emphasizes the Principle of 
Sufficient ReaaoTi, but also involves the other prin- 
ciples. For as similarity of the nature of things is 
explained by the assumption of similarity of relations 
between the constituent atoms, so similarity of 
change is explained by assuming similarity in the 
relations of the things involved. Wo speak here of 
'similarity' rather than of identity, because, as has 
been already pointed out, identity is never found 
except amidst diversity, and ' similarity ' expresses 
this very combination, and is, therefore, the most 
appropriate term to apply to the actual events which 
take place in the universe. In all similar phenomena 
there is an element of identity to which the simi- 
larity is due, and on the basis of which alone we can 
infer from one to the other. But this element of 
identity is by no means always on the surface ; in 
many cases, indeed, wo have to assume its existence 
without being able to specify exactly either its nature 
or its extent. As Mill reminds us : " The course of 
nature, in truth, is not only uniform, it ia also 
infinitely various. Some phenomena are always seen 
to recur in the very same combinations in which we 
met with them at first i others seem altogether 
capricious ; while some, which we had been accus- 
tomed to regard aa hound down exclusively to a 
particular set of combinations, we unexpectedly find 
detached from some of the elements with which we 
had hitherto found them conjoined, and united to 
others of quite a contrary description." ' 

To first experience, then, the world is chaotic, 

and, as we have seen, the savage so regards it This 

is because he applies the Principle of Identity only to 

things, in the independent nature of which he seeks 

1 Logic, vol. i, p. 359. 
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all explanation. " Man after man dies in the 
way, hut it never occurs to the savage that the 

one constant anil explicable cause In 
cases. Instead of that, lie regards 
death 68 nn event wholly hj- itself — apparently un 
expected — and only to Ije explained by some super- 
natural agency." * It is only when the importance of 
relations 13 recognized and the postulates of know- 
ledge applied to them, that the conception that 
underneath all the apparent confusion of phenomena 
there is an always present and essential uniformity 
begins to govern man's mode of interpreting his ex- 
periences. Then science begins, for man recognise* 
that upon him " is imposed the task of everywhere 
seeking out in the natural phenomena those elements 
Hint an- the same, and that amid nil multiplicity are 
pver present." ' When such elements are found, the 
work of science is done. " When once we have 
reached the point where we are even-where able to 
detect the same few simple elements combining in 
'■lie ordinary manner, then they appear to us as 
filings that are familiar ; we are no longer surprised, 
there is nothing new or strange to us in the pheno- 
mena, we feel at home with them, they no longer 
perplex us, they are explained."* 

The explanation given by science, then, consists in ft, 
determining the conditions under which any change 
"r event takes place. And the whole of these con 
ditions together are styled the E£in'"»t Cause. — or 
simply the cause — of the phenomenon in question. 
The Principle of Causation is, then, one aspect of 
that of Sufficient Reason. Its most general axiom 
in : (1 ) " Every event must have a cause." Then, in 
combination with the principle of Identity and its 

ioncl Declc, Three Yearn in Sacagc Afri.it, p. 512 
"1, Science of Mechanic*, p. 5. 3 Ibid., pp. g_g 
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complementary principles, it assumes uniformity in 
causation in the axioms — (2) " The same cause always 
produces the same effect;" (3) "The same effect i -1 
always due to the same cause;" (4) "Cause and 
effect are equal in amount of energy." 

As we have seen, the nisi; of these three axioms t 8 
implied in all attempts to explain the world ; even 
the rudest savage assumes it. But the other three 
axioms are only operative when explanation is sought 
in relations. Then, as man's early seekings aft* 1 
knowledge are always motived by practical need* 
the uniformity of causation appeals to him first W 
the light of the second axiom. He is interested 
more in what will result from certain conditions thai 
in the inverse problem of what conditions will product 
a given result. Hence, he studies causation mainlj 
from the point of view of the cause. In other words, 
he analyses more or less carefully the conditions thai 
will give a certain desired result, and lie assumes 
that if the result comes in one case it will come in 
all, provided that he secures the same conditions. 
Ho applies the principle of Causation forwards. 

But the result, obtained istjften a very general one, 
and man's practical needs do not usually prompt bom 
to analyse it carefully. Hence it often appears to 
superficial observation that the third axiom is not 
true, and that the same effect may be produced by 
different causes on different occasions. If this were 
so, the principle of Causation would be one sided, for 
the principle of Identity would be only half applic- 
able to it. And, indeed, this was the common 
opinion till quite recently. Even the savage recog- 
nizes some uniformity of causation in cases in which 
his own activity in carrying out his own purposes 
plays an important part. He desires to kill his 
enemies or the animals he requires for food, and he 
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knows ho can do this in a variety of **ya U boo 
; . which has not resulted from visible 
violence, he assumes that a similar destructive activity 
is exercised by malignant spirits. Doath, titan, to 
liis mind, obviously results from a variety of causes. 
-N'or is the savage alone in this rough and ready way 
of interpreting events. Even so great a logician as 
Mill says : " It is not true that only one effect must be 
connected with only one cause, or assemblage of con- 
ditions . . . many causes may produce death." l But 
in speaking of " death " Mill shows that he has not 
"jiplied the same searching analysis bo the effect 
which he tells us is necessary to discover the cause. 
Every coroner's inquest is an attempt to perform 
such an analysis, and of necessity proceeds on the 
assumption that exactly the same hind of effect can 
have only one cause. Then is no such thing as 
'leath in general ; every death is one particular kind 
of death, and in speaking of ' death ' as the effect of 
a bullet through the head or of swallowing arsenic, 
we are either using the word very lixisely or we 
are picking out from the total effect the one factor 
roitthfoof the greatest personal interest. A hole in the 
head is just as much part of the effect of the bullet 
m tbs Bfrt case as is the death, and similarly a 
particular condition of the organs of the body 
results from taking arsenic just as surely .is does 
•loath. 

No doubt, at first sight it seems certain that the 
same effect is due now to one cause, now to another. 
"Thus friction, combustion, the liquefaction of a 
vapour, freezing, pressure, all produce heat. What 
could be more apparently disparate than these agen- 
cies J Yet all of them alike involve the liberation 
lecular motion in accordance with mechanical 
1 Logic, vol. i, p. S05. 
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laws common to all the cases," 1 This exam] 
admirably brings out the difference between the po| 
lar and the scientific views of causation. 1 
former confines itself to the sphere of sense-perc 
lion, and finds causation in the influence of < 
visible and tangible body upon another ; the lat 
seeks it in an analysis of the process which brings 
light a persistent and identical nature changing 
determinate ways under definite conditions. In 
eases, such an analysis is a task of difficulty ; in ma 
it has not yet been accomplished. But the bt 
that, when such an analysis is found possible, it 
always reveal an underlying identity, even ant 
the greatest apparent diversity, is involved in 
acceptance of the axiom that causation is uni 

As the third axiom was recognized later than 
second, so the fourth can only be recognized whe 
third is accepted. It is a yet further applicati 
i.he principle of Identity to that of Causation 
when stated in its most general form it becomes 
doctrine of the conservation of energy — tha: 
amount of energy in the world is not suhjec 
either decrease or increase, but only to change 
mode of expression. This is one of the latest < 
ceptions of modern physical science, but we see ii 
only the further application of the same principle! 
interpretation which have been operative from 
first in the development of knowledge. 

A consideration of these axioms of causation ma 
it evident that, in another respect, the comr 
way of regarding causation is indefinite. We i 
stantly look upon the cause as necessarily preced 
the effect in time. Indeed, not infrequently n 
succession in time is mistaken for a true causal c 
nexion, as when the appearance of comets is held 
1 Hobhouse, The Theory of Knmdedge, p. 366. 
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I* the cause of a war oar other calamity, which may 

fallow shortly after. It can be easily shown, however, 
list the c!iuse does not always precede the effect. 
A blot is the effect of letting a drop of ink fall on 
piper, but the blot does not follow the contact of ink 
with paper ; its appearance is simultaneous with that 
contact. So the height of the mercury in a barometer 
is the effect of the pressure of the atmosphere, but it 
is simultaneous with that pressure. In other cases, 
the effect seems subsequent to the cause. A cricket 
ball is struck by a bat, and the motion of the ball is 
subsequent to the stroke which was its cause. But 
here again we want a deeper analysis of the process. 
The impulse given by the hat is communicated to the 
ball in the moment of impact, and not subsequently 
to that moment. Thus it is the accumulated effect 
which is subsequent to the original stroke, and 
further analysis shows that we have a continuous 
transition of events each of which is at once cause and 
effect. 

Whether we say, then, that effect follows cause 
or is simultaneous with it depends upon how we 
are using the terms. This is admirably put by 
Whewell : " The instantaneous effect or change is 
simultaneous with the instantaneous force or cause 
hy which it is produced. But if we consider a series 
of such instantaneous forces as a single aggregate 
cause, and the final condition as a permanent effect 
of this cause, the effect is subsequent to the cause. 
In this case, the cause is immediately succeeded by 
the effect. The cause acts in time : the effect goes 
on in time. The times occupied by the cause and by 
the effect succeed each other, the one ending at the 
point of time at which the oilier begins." 1 

In brief, we must remember the continuity of 
1 History of Scientific Idem, vol. 1, pp. 187—198. 
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change in the world, and the artificial I'liaracLei' ° 
what we single out as "events." As Mr. Hobhoi* 
saya : " No event ever begins or ends ; but a proc^ 
goes on which passes gradually from one phase io^~ 
another, We ticket prominent or clearly distil** 7 
phases witii separate names, and apeak of tliem 0^" 
different events ; but we must remember that, though 
in one sense they are different, there is yet 11° 
barrier." 1 'Cause' and 'Effect,' in the commof* 
use of the terms, arc but separate names for artificially 
limited earlier and later phases in one continuous* 
process. 

Causality is, then, a principle on which the huiuaix 
mind acts from the first. It is not gathered from sense- 
experience, for it is involved in all interpretation of 
such experience. " What causes produce what effects ; 
what is the cause of any particular event ; what will 
be the effect of any peculiar process ; these are 
points on which experience may enlighten us. . . . 
But that every event has tome cause, experience 
cannot prove any more than she can disprove." * 
Nor can experience demonstrate that one cause is 
universally connected with one effect. But this ia 
assumed in the statement of every scientific 'law,' 
for such laws assert that a causal relation which has 
been observed in a. limited number of cases holds 
true throughout the universe, and this is, obviously, 
not a matter which can be either proved or disproved 
by observation. The establishment of such laws is 
the ideal of knowledge at this stage. 

ij 5. — We saw, however, in the last chapter, that 
, e explanation by bringing a particular case under a 
u( Sjitcm. general law cannot be ultimate, and that we are 
driven by the necessities of thought to regard the 

1 Tkt Thtary of lCtoiotulye, p. 277- 
« Whewell, op. at., V "4. 
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anirarM as one self-determined system. With thin 
conception we have obviously a very considerable 
extension of the principles of interpretation beyond 
their application in the scientific stage. The 
universe itself, as well as its constituent parts, is 
now regarded as embodying those principles. It is 
thought under Identity m a continuous unity retain- 
ing its essential nature amidst all the infinite number 
of varied manifestations of that nature. Under 
Contradiction it is thought us essentially consistent; 
as containing no contradictions. This is why we find 
contradiction always a proof of error, for this principle 
Bompela us to recognize that error cannot ultimately 
be made, consistent Under F '■/•!„, i,-, I Middle wu 
think of it as a system of mutually -oVu-tiiiiii.il ]«rh. 
Lastly, under Si-Jfiei, ,it fiwrnt we regard it as 
furnishing in the relations of part to part the first 
stage of explanation, and in the relation of parts to 
the whole an ultimata explanation. 

In discussing the scientific method of inlerprettitin 
we saw that it is mechanical, that is, it explains on 
phenomenon by its relations to others according to 
mechanical laws. We have also seen that this 
explanation is not final. The conception of efficient 
cause which dominates scientific interpretation is 
supplemented in the philosophical stage by the con- 
ception of purpose. This is inherent in the con- 
ception of system. To revert to the illustration of 
the watch. The efficient cause of its marking the 
time is the relation of part to part. But that di*s 
not explain tchy the watch exists. This is found 
iu the human purpose which it serves. The watch 
is plannod ami made by man just for that very object, 
and without it the watch would not exist. This 
■ 'N.'.'pti'iii of purpose— or Final Cause, 
frequently called — is moulding more and mote n 
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interpretation of the world. Of course, the purpose 
it not always relative to man. It is so in the case 
of things like the watch, which he invent? and makes 
to serve his own ends. Bat we hare got beyond the 
stage of thought in which tu, moan, and stars were 
regarded as existing solely for the purpose of giving 
man light, and in which efforts were made to find a 
reason for the existence of everything by showing 
that it is of some use to man. Such an attempt was 
common enough even in the last century, and perhaps 
reached its highest point of absurdity when the 
existence of noisome domestic insects was accounted 
for on the ground that such pests induced personal 



We now regard each form of existence as having 
its own purpose. Of course such purpose can only 
be known by beings endowed with minds. Man can 
aim at attaining a certain form of character, and 
even the lower animals are conscious of wants wliich 
they strive to satisfy. But the modern doctrine of 
evolution finds progression in the vegetable as well 
as in the animal world, and we may quite intelligibly 
speak of the purpose of the existence of oak-trees as 
the gradual attainment of the perfection of oak-tree 
life. Even in the inorganic world we must 
think of <dl change as the gradual attainment of 
some end, though we must not try to find that end 
in reference to the needs of men. In so far as any 
thing freely manifests its own nature it may be said 
to fulfil its purpose. Thus we think all chango as 
having an object, though that object is often hidden 
from uk. As Dr. Harris puts it : " In the view of 
evolution there is a goal towards which relatively 
lower orders are progressing, and the facts, forces, 
and laws are seen as parts of a great world-process 
which explains all. At this point science rises into 
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philosophy. . . . When science comes to study all 
objects in view of the principle of evolution, it has 
transcended the stage of mind whose highest object 
is to discover classes ; likewise the stage that makes 
law an ultimate. Besides efficient cause, which 
makes or produces some new state or condition, there 
is * final cause' or purpose— design or 'end and 
aim.' " l 



Psychologic Foundations of Education, pp. 19 — 20. 




jj 1.— Wb have seen that all knowledge consists in 
correctly interpreting or giving a meaning to ex- 
perience, and that such interpretation means the 
harmonizing this experience with others. Or we 
may put it in another way, and say that to give 
meaning to any piece of reality if! to think it in its 
proper place in an appropriate system. But systems 
of reality exist in consciousness as mental construc- 
tions, or ideas. Hence, to give meaning is to think 
an experience under an idea already existing in 
consciousness. We may say, then, that experience 
as interpreted is made up of ideas, and that know- 
ledge consists of all those ideas which are true. 

§ 2. — But reality to each of us is only our 
experience as thus interpreted. Therefore, by 
' ideas ' is meant the way in which the mind grasps 
reality. Every known piece of reality &r.tsts in 
consciousness as an idea. It is not merely ri/»-nsente<t 
in consciousness, as if the world of reality were 
separate and distinct from the world of knowledge. 
We must not, therefore, think that tilings in the 
eternal world impress copies >_>f themselves upon our 
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as a seal stamps impressions on wax, or km 
the image of an object is is t,T»[Jiic 

plate. It ia true the retina ol (lie ere clue* act 
■■■■ilaily to a photographic plate, but the eye in 
not tbe mind, and the retinal image is not itself in 
consciousness. 

§ 3. — It is true also that we talk of tlie "i-yc of 
the mind," and that most people can call up mora or 
less vivid and distinct mental images of aWnt 
objects. Images, however, are not ideas, but only 
symbols of ideas. Just as the shape and colour of an 
orange are symbols of all else that ' orange 
to us when the orange is actually present t<. per- 
ception, so the visual image of an orange avis as a 
sign in exactly the same way. The idea is the 
meaning which the mind finds for the present ex 
perienee by referring it to other experiences, and any 
mental image that may come into the mind is only 
an example or illustration of that meaning. 

In many cases, indeed, such images do not corres- 
pond to the idea, and when present tend to obscure 
meaning and hinder understanding. " Wi.< can iinagi> 
some object that is acted upon by force — we can 
image it before it is acted upon and after it is acted 
upon. That is to say, we can image the results of 
the force, but not the force itself. We can think of 
force, but not imago it," 1 To "have an idea" of 
anything is, then, to know its nature and meaning ; 
in other words, to think it, not to look at it either in 
reality or as represented in a menial image. 

Doubtless, real thought is difficult, and many 
persons are satisfied to substitute for it p»»""'ainii.s 
of mental pictures. This tendency is pi"" 1 "' 1 " 1 ■•>• 
"what we may call the Photographic writing wludi 

' is obtains at present For a. long wbUe bw*,writera 
■ Harris, pathologic Foundation* of Kdwx&>*> P. 4" 
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have desired to write only to our eyes, not to < 
thoughts. History now is as a picture-gallery, 
as a puppet-show ; men with particular legs and pi 
tieular noses, street-processions, battle-scenes,— th 
—images — all images ! — mow and mop and grin on 
from every canvas now. We are never asked 
think — only to look^as ioto a peep-show, where, 
the right, we see that, and on the left this ! " l 

It is true, as Dr. Stifling himself reminds 
that images "are always the beginning, and $ 
stitufce the express conditions, of thought." 2 "Whi 
an individual is in the first stage of thought — tl 
of sense-perception — he will not have separated 
meanings from his images and his percepts. I 
unless wo pass beyond this stage to that of I 
abstract idea, or meaning, " we never attain 
mastery over ourselves, but Moat about a helpl 
prey to our own pictures." B This is so because 
such pictures are of individual and particular thin 
and every particular exhibits qualities and relath 
of its own, which are not part of the meaning, a 
which obscure that meaning. For example, 
who have worked problems in geometry know h 
easy it is to be misled by some accidental feature 
the particular diagram we draw, or picture in < 
minds, to aid us in the solution. We desire, it n: 
be, to establish some relation of triangles in genei 
and the particular triangle we draw has perhi 
two of its angles equal, and we are apt to treat t 
accidental relation as essential, and base our pr 
upi.m it. In contrast to the particular image, mei 
iug is always universal ; that is, it is common to 
pieces of experience which we think under the sa 

1 Stirling, Tin ,Si.<:nl of Hegel, p. xlii. 
j ri.:.i n .lui :i ji.:,j 
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; t,_H wB n „ w ask bow knowledge, or * mirfn 
1 DMninss, ataveleApei i" *t* uwiriaonl mind we ar» 
■ v a theory once- very ua a j n o ai y ac- 
cepted but now proved to I* tfuraoeMy Mm 
nwnllagto tins theory, the mind i-*gin* with *v». 
9 tadmdttjJ things, then, by ocmpanHn, ciaaae* 
them together, and so goes on to conatroct tU vurM 
in a manner very similar to that in which a brick- 
layer builds a wall. Nothing cooM br- farthrv 
from the truth. Modern psychology hu tbnroofhjy 
established that the mind begin* with a iifw 
apprehension of its experience m a whole, aad thea 
little by little divides this up, as this or that pirn «f 
experience secures its interest and ■facial rttaatisw. 
As Dr. Bosanquet suggests, the p row taay he iBaw- 
trated by " the discernment of feature* in a dif.it 
landscape which prolonged attention even with*— 
optical assistance has tJie power to eflert." ■ Tike 
process starts from the whole, not from the iliannM 
Ideas of classes are formed out of wider aad tip" 
Ideas us striking differences attract the attatw* 
The first idea is of a vague " ■oraetltJD'," 
thin by continual division more and n*r 
ideas of different forms of reality ai 
at every stage the ideas reached are 
fresh experiences which are gather«l under dkra* 
Thus in the process of the deveJopntwt '4 Itm* 
ledge, analysis — or splitting up, aod ajmlUtdt n» 
binding together, go hand in hand. 

§ 5.— This process would be tmpoasjl.la wlicna* a 
system of signs by which, on the one band, mtU+litm 
can be concentrated on one element in the vjm p t f t 
whole of which experience at every moment i*MmU, 
and on the other hand, the idea*, when nam i— iifcaw, 
represented symbolically In 
1 Lwjic, vol i, p. &£. 



. 



Any such system of signs is a language. Thus, 
even in the individual mind, knowledge could not 
develop without a language of some kind. 

§ 6, — Even easier is it to see the necessity of 
f L language when we consider the growth of know- 
*■ ledge, not in an individual mind, but in the race). 
We have seen that this growth depends on com- 
munication of knowledge between men. But such 
communication implies a common language, or system 
of signs whose reference to reality is generally 
accepted and understood. This, in turn, implies that 
the signs are also instruments of individual thought : 
language as a means of communication rests upon 
Language as a means of individual thought. 

§ 7. — Of all systems of signs for thinking and 
communicating thought, words arc by far the most 
convenient, because, owing to their conventional and 
artificial character, they can sustain a much more 
general and abstract meaning than can any other 
thought symbols. Thus, as knowledge advances, 
language becomes more and more exclusively verbal. 
Savages convey much of their meaning by descriptive 
gestures, and some of tin* least, developed in intelligence 
have so poor a language of words that they cannot 
understand each other in the dark, because the gC3ti 
which fill out their speech cannot be seen. But 
gestures have very similar disadvantages to mental 
pictures as symbols fm- thought. Like visual images 
they can only represent the outward and visible 
qualities, and these are frequently far from being 
the most important. Gestures are also frequently 
doubtful in their reference ; a flapping of tin 1 arms, 
instance, may represent either a bird, or the act 
flying. With a language wholly or mainly of 

itures, then, knowlodge could advance but a little 

iy even on the stage of sense-percepti 
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system of ooaTSDtaonAl eigne, capable of express- 
ing meaning with any required degree of definjt*ne*a, 
is essential to really developed thought. Speech 
fulfils thit requirement, ami has the additional ad 
.' it is easily produced, can be used as a 
means of communication in (he dark as well as in 
the light, and between persons at some distance from 
each other, an advantage which the modern applies 
tions of electricity have enormously increased. 

Writing is, of course, only verbal language i 
another form, but it playa a part, in the development 
of knowledge which nothing else could have played, 
in tbat it extends the communication of knowledge 
to an indefinite extent, and renders possible contact 
of any one individual mind with many other minds 
both in the present and in the past. It is mainly by 
means of written language that the knowledge of the 
individual on the one hand contributes to the 
knowledge of the race, and on the other hand is 
checked and corrected by it. And such correction 
is necessary. For, as experience is interpreted by 
experience, and as the experiences of every individual 
differ from those of every other individual, it 
follows that various interpretations of the same 
piece of reality may be given by different 
persons. Were the interpretations of each person 
wholly dependent on his own narrow range of ex- 
perience, this would certainly be the case to an 
appalling extent, and, of course only one at most of 
a set of incompatible interpretations can l>e true. 
Even now we find plenty of such variations; every 
" difference of opinion " is a case in point. But 
when we can test our ideas by the experiences of 
innumerable other people, we arc much more likely to 
reach the truth at last. Such testing goes on through- 
out life by means of both written and spoken language. 
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Jj 8. — When a child learns his mother tongui 
words he acquires are from the first, signs of ideas, in ' 
that they are referred to certain pieces of reality. 
His ideas are doubtless extremely imperfect at, first, * 
hut the fact that the reference to reality is the same 
to him and to others, renders instruction possible. 
He may, for example, find himself ignorant of nearly 
everything concerning a certain flower which he has 
seen and the name of which he has learnt. But he 
can seek instruction from another person whose idea 
of that flower is full and accurate, and therefore very 
different from his own. And he can do this because, 
though the ideas are different, yet their reference to 
reality is the same. And that identity of reference IB 
marked by the name, so that to utter the name 
indicates what the child wants fuller information 
about as clearly as showing the actual flower would 
do. Butsueh instruction is effectual only so far as 
the teacher uses words which have a clear meaning 
to the child, that is, which call up in his mind 
definite ideas. It is by combining these ideas that 
ho is led to form a fuller and more accurate idea of 
the flower than he had at first. 

The same process makes it possible to lead the 
child to form ideas of parts of reality he has never 
experienced. " We wish to describe quicksilver to 
a child. We say that it is something like this pew- 
ter in its brightness and the way it reflects the light ; 
it is even heavier than this lead ; it is liquid like 
water, so that I could pour it from one vessel to 
another. And we might further qualify each of 
these statements so as to render them more exact. 
Now, we may assume that all the words in which 
the quicksilver is described are significant to the 
child ; if they are not significant the description so 
far fails. At the end, if he have good powers of 
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i sjtiuirsa, be may combine th 
4ns signified, into the new wJ<* w * *t*b W» to tona. 
The word ' qoictsnlver * then become* w gMfcitt to 

him."' 

It U in thia way that we all gain knowledge in- 
directly, through "the verbal testimony of others to 
parts of reality which we hare no* onrasrras experi- 
enced. It i» evident, however, that narh indirect 
knowledge must rest ultimately npon that direct 
knowledge of reality which springs from oar own 
experiences, and which alone can give ma 
the language by which indirect knowledge 
municated. It in this which makes 
that in early life, not only should the ideas which a 
child gains through careful examination and analysu 
of direct experience be as numerous, full, and exact ** 
pottiblo, hut that they should be correctly awociatud 
with language. This is the foundation of thai 
thorough command over ianguage without which all 
good menial work is impossible, and which i< is, 
therefore, one of the chief duties of the educator to 
develop in his pupils. 

§ 9, — Communication of thought and knowledge, 
then, depends on the existence of corresponding idea* 
in different minds. By "corresponding ideas" i» 
meant ideas which refer to the same reality and (pvn 
substantially the same meaning to it. The Ides (H 
different people will hardly coincide more closely than 
this, owing to the differences of experience from 
which those ideas have sprung. 2 Now it in evident 
that if the ideas of the hearer or reader diffnr 
materially from those of the speaker or writer, jrmve 
misunderstanding may arise. This may bi avoided 
in oral communication by questioning on ll» OM |dj 

1 Lloyd Morgan, Psyrhologi/ 
5 Of. p. 26. 
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or the other, on any point whose interpretation seems 
doubtful. But writer and reader are much more at 
each other's mercy. On the one hand, the reader 
may bring a number of false preconceived ideas to 
the interpretation of his author, or he may read 
carelessly and hurriedly. In both cases wrong 
meanings are attributed to the writer and the 
corrective of oral intercourse is absent. As Plato 
long ago said, "Speeches . . . when they have been 
once written down are tumbled about anywhere 
among those who may or may not understand them, 
and know not to whom they should reply, to whom 
not : and, if they are maltreated or abused, they 
have no parent to protect them ; and they cannot 
protect or defend themselves." ' On the other liand, 
the writer may have expressed himself obscurely, and 
the reader be unable to grasp his meaning, not from 
carelessness or poverty of ideas, but from being 
doubtful exactly what it is the author wishes to say. 
A question would lead to the solution of his difficulty, 
but if you question a printed page it "always gives 
one unvarying answer."- On the other side, it may 
be truly urged that the printed page has an advan- 
tage over the oral teacher in that it is always ready 
to be questioned, and hears the dulness or perversity 
of the scholar with a great deal more patience than 
the living teacher is apt to do. 

'§ 10. — The liability to iiiisuiidernUmdiiig is enor- 
mously increased when speech is ambiguous. Am- 
biguity in possible because every word has its mean- 
ing partly determined by its context. As was 
pointed out in speaking of the development of ideas, 
we do not begin with ideas of separate things and 
weld them together, but we begin with a vague idea 
of a whole which we have to analyse. Now, 

1 Phaednu (Jowett's Translation), p. 275. 2 Ibid. 
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language symbolizes ideas. We must. look for the 
beginnings of language, then, in actual speech, not in 
isolated words. Indeed, in early stageH of language 
there is nu division into words, either in speech or in 
writing. " It is always very late in the day before 
urinal principles of speech are detected and 
explained. Indeed, the language which owed to 
them both birth and growth may have ceased to be 
a living tongue before- these, tin- regulative elements 
of its formation, come to light and are embodied in 
written grammar. That most elementary species of 
instruction which wo familiarly term the A, E, C, 
had no express or articulate existence in the minds 
or on the lips of men, until thousands of years 
after the invention and employment of language ; 
yet these, the vital constituents of oil speech, 
were 'here from the beginning." 1 Knowledge- of 
language, like knowledge of every other part of 
reality, works at first from the whole towards the 



All portions of speech, then, depend for their full 
meaning upon the context in which they exist. For 
example, my idea of the relation of logic to education 
is expressed in this book as a whole, though even 
that total idea, as we may call it, owes its character 
to its relation to the rest of my menial life. How- 
ever, taking that as a sufficiently self -contained 
whole, it is evident that the full meaning of each 
chapter involves the relation of the idea expressed 
by that chapter to the whole idea developed in the 
book. Similarly, the idea set forth in each para- 
graph depends for its full meaning upon its relation 
to the rest of the chapter ; the idea expressed by 
each sentence is relative tu the paragraph of which it 
forms a part. With the sentence we have reached 
1 Ferrier, Institutes uj il*tiphysic, p. IS. 
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the unit uf thought. It is true that the sentence 
composed of words, and if we apeak or write it, 
words have to appear separately. But in 
thought the sentence exists as one idea. We may 
write or say " The ground is covered with 
but that expresses a single and undivided fact of 
experience. We are so accustomed to the gram- 

latical treatment of language as composed of words, 
and to seeing single words defined in a dictionary, 
that we are apt to overlook the truth that isolated 
words are, as Mr. Hobhouse well says, mere " dead 
fragments of language." * If we hear an isolated 
word, e.jr., " Fire," we either regard i 
abbreviated sentence — that is, as intended to convey 
some information— or wo are thrown into a state of 
mental perplexity as to what idea the speaker wishes 
to convey. It is related that a famous head-master 
once dumbfounded the whole of his sixth form by 
commencing a lesson with a question propounded 

single word ' Abraham 1 ' Such considerations 
make it clear that each word depends for much of its 
meaning on its context. For example, we speak of a 
bright day, or a bright boy, but the force of " bright " 

s by no means identical in the two cases. The word, 
then, is relative in meaning to the sentence, and the 
sentence to the context in which itoccurrs. Isolated 

wntences, like isolated words, do not occur in actual 
thought, (hough they have to be used for illustrative 
purposes in text-books un Irj^ic and grammar. But 
if we take such a sentence as "The fire is 
see at once that its meaning is very different when it 
is spoken in reference to my study or to a row 
warehouses. The same is true throughout : 
sentence — despite the assertions of many grammar 
woks — does not express a complete thought, but only 
1 The Theory of Knoicledyt, p, JM. 
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the smallest separable element In the ever-moving 
and living thought process. 

The exact meaning, then, in which aen(< i 
words an 1 used is determined by the general lopii ■) 
thought. That is why no confusion i« caused bj the 
fact that some verbal signs have two or more distinct 
meanings, as, for instance, a ' page ' may be a boy or a 
piece of paper. No doubt ever ari.ies in the am of 
such signs, though their existence makes punnm;; 
possible. In fact, as they stand fm ■ 
t&ey arc really distinct words, though they happen to 
have the same form. When we hear a lectori 01 
read a book each portion receives much of it 
ing from all that has gone before. Indeed, it is often 
impossible to understand the latter pari unit 
earlier has been grasped. Frequently, (•'•, I hi 
meaning is shaded by our anticipation "f what 
is coming. We see, then, tliat we can wily fully 
appreciate the meaning of word* when we th 
them as elements in sentences which are themselves 
dements in an organic whole or system of thought. 

Every word, then, as used in the expression of actual twine 
thought, has a specific meaning which varies accord 
to the context in which it occurs, that is, according t.i r 
the system of thought it helps to express. Still 
specific meanings have much in common. There is to 
every word a general meaning which is always present 
and forms the bond of connexion between the many 
occasional meanings, and this general meaning when 
explicitly stated we call the definition of the word. 

The nature of definition will be considered In a 
later chapter ; l it is sufficient to point out here lliat 
even when we have clearly grasped the true general 
meaning of a word, we never use the word in that 
general sense alone. Just as there is no such thing 
1 £« Chapter svi. 
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as a child in general corresponding to the general idea 
of child, but every embodiment of that general idea 
is a very individual little boy or girl, so every time 
we use the word ' child ' in a real process of thought 
the general idea which corresponds to that word in 
mollified by tin.- nature of the pari ieuhr thought. Our 
knowledge of general meaning, then, does not alter 
the fact that in actual use every word is modified ia 
meaning by its context ; the general meaning ia a. 
kind of nucleus round which the occasional meanings 
wax and wane, but some such occasional meaning is 
always present. 

Even in scientific terms, where tho general mean- 
ing is not only most definite but most prominent, 
there is yet a slight occasional meaning. 'Oxygen' 
has a quite fixed meaning, but when we think of 
oxygen wo always do ho in some particular connexion 
— for example, as combining with hydrogen to form 
water— and so the whole thought determines the exact 
force of the word 'oxygen' in the actual sentence. 
Scientific terms, however, are much less flexible than 
the words of ordinary speech. Fortunately they are 
generally so long and ao ngly that there is little 
danger of their ever becoming constituents of ordinary 
discourse. We say fortunately, because it would be 
a great loss were language to decrease in flexibility. 
The tendency, however, is naturally all the other way. 
And it should be noted that this flexibility marks the 
meanings of all words. Even such a little word as 
in differs in meaning in such sentences as " I am in 
trouble " and "lamtw London;" and the equally 
simple word and can be used conjunctively or adver- 
satively. Indeed, every word whatever is always a 
factor in expressing a certain idea and has its 
meaning modified according to the idea to be 
d. 
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1 11. — There are enormous advantage in ihis flexi' 
liility of meaning, (or it makee ii possible U> express 
au innumerable number ot -li.el> - ■■! n ■ -".n'-_ v. ii'i 
comparatively limited vocabulary. The English 
peasant expresses all his thought- with n few hundred 
words, and it is computed thai even 
made nse of only some twenty thousand words; yet 
what a wealth of thought and feeling he uttered with 
them I But, like at! other good tilings the flexibility 
of meaning has also a grave disadvantage — the con- 
sequent liability of language to become ambiguous to 
nliicli reference baa already been made. Now 
ambiguity i^ at bottom indefiniteness in the reference 
to reality. Such indefiniteness may be due to un- 
certainty as to the sense in which a particular word 
is used or to faulty construction of a sentence. 

In the case of individual words the doubt may 
affect the general meaning. For with the course of 
time even general meanings may change, often by 
some one class of occasional meanings displacing nil 
others, or by new occasional meanings being adopted. 
Such changes are continually going on in every living 
language, though the existence of written and printed 
literature enormously retards the process. At any 
one period it may be doubtful how far the change 
has gone. Such a question cannot be determined by 
etymology or by appeal to former usage. As Dr. 
Bosanquet says, " a word means what it is used to 
mean, not what it once meant." ' 

Hometimes the difficulty is increased by the older 
meaning lingering on in otic special department of 
thought and knowledge. De Morgan gives a good 
example : "The word publication has gradually 
changed its meaning, except in thecourts of law. It 
stood for i-iimmiiirir,uian to other* without referent); 
1 Logic, i-'*l- i. [i. 08. 
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to the mode of communication, or the number i 

recipients. Gradually, as printing became 
easiest and moat usual mode of publication, I 
word acquired its iikwUth meaning ; if we a 
publishes liis travels, we mean that lie writes { 
prints a book descriptive of them. I suspect t 
many persona have come within the danger 
law, by not knowing that to write a letter \ 
contains defamation, and to send it to a 
person to read, is }mhli*hinrj a !.'il»l, ; that 
imagining that they were safe from the consequei 
of publishing, sn lonu as they did not print." 1 
But when ambiguity arises from individual w 
is generally duo to doubt as to which of various current 
meanings is intended. Such instances of ambiguilv 
arc especially common in the sciences which deal with 
man's life. These naturally have very few technical 
terms, but use the words of common speech with all 
their vast flexibility of meaning. The door is thus 
opened wide to misconceptions of meaning. A 
writer intends to use a word — say such a term 
as ' money ' or ' value,' or ' motive ' — in one 
sense, and is, it may be, careful to state his 
intention explicitly. But his reader may forget 
this limitation and read another sense into the 
word, and so misunderstand him. Indeed, words 
which are used in widely differing senses are a 
pitfall to the writer himself. He is liable when 
using such a term in one sense to make assertions 
or to draw inferences which are only justified 
when the term is used in another sense. For 
example, when ' money ' is said to be ' scarce ' 
in the money market, the meaning is that there is a 
scarcity of capital seeking investment. To infer 
from this that the coinage of gold and silver coins 
1 Format Logic, p. 243. 
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men charged with carrjin$ <ni thru* Wt fa m 
happen tint the |,iiii ill 1 ia the bus mmm » 
trying to subvert the geveniKM » tb* (wwr 
-•ense. In that cue, is ahkh g m way » mm* mo. 
lie resists the go vern— I m w o* the t»* im . 
of the word, and what a tuyifcy nn»s> the <*ar •**■* 
of view is disloyalty from tiv other 

' Nature ' is another «wr imW'«f wext, aeat 
pnitituluHy so when naed in the i 
"education according to i 
very ilifr- 

Comenius it meant t 
be based on more i 

processes in the physical world. Y* j 1 ^ : "Tim 

suq does not occupy itself with aoy «*(V <A ji , 
animal, or tree ; but light* and a an — lltr wlw4r 
earth at once. ... In imitation uf tln> th*v« Aw»M 
only be one teacher in each tcbool, or, at »*/ n*U, 
in each class." 1 Rousseau lint nuwJe the |iwi' 
really faalii enable. With him and hi. 1/Alt/Waf* it 
meant that the educator should umiuly U#jk w, 
whilst the child follows hii innate iinpal* 
perfection of manhood was held t/» (■■ <l>*iir*t-iniAn 
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only in "the nuble savage," before the dawn < 
civilization had corrupted humanity, 
thought underlies the excuse so frequently given f< 
not checking i liildish faults, that they ai 
On ihn other hand, Plato and many modern tliinl 
regard man's true nature as the ideal 
towards which all advance in real civilization i 
slow and toilsome struggle. They seek true hui 
nature in the end of man's development, not in the 
beginning of it. With them "education according 
to nature " means guiding the child along the path 
of tins development as far as his capacity will allow. It 
is evident that such opposed interpretations of the one 
phrase will lead to very di lie rent educational systems. 
No words cause more ambiguity than pronouns, 
because their reference is always decided nearly 
entirely by the context. Any number of examples 
can be culled from even our best writers. For 
instance, Steele writes : "When a man considers the 
state of his own mind, lie will find that the beat 
defence against vice is preserving the worthiest 
part of his own spirit pure from any great offence 
against it," l where the reference of " it " is by no 

A great daily newspaper, in describing the at- 
tempts made to discover the robbers of a large 
sum of money from a London bank, told its readers 
" The bank is well guarded. Officials are specially 
employed to watch all transactions from places where 
they are not seen." 2 If the reference of "they' is 
to be decided by grammatical rules, the authorities 
who placed the officials would seem to have acted 
with much unwisdom. But probably the writer did 
not mean what he said. 
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b as 'all ' and * 
collectively or distribn lively. ** I a 
those books," may be true if they nay 
succession, but false if they are to be moved in a body. 
The spendthrift argues "I can afford thn, «r that, 
or the other," and draws the conflation that be can 
afford them all collectively, to the ultimate grief nf 
Lis creditor*. On the other hand, the miser is prone 
to urge that because he cannot afford to subscribe 
to all the socially useful institutions that beg liis 
help, he therefore cannot afford to subscribe to any. 
Schools are especially liable 10 suffer from false 
inferences due to ambiguity of this kind. Many 
excellent people see in the stndy of some particular 
subject a sovereign cure for all educational ills, and 
urge the inclusion of that subject ill the curriculum 
of every school. L'nhappily each doctor has a 
different quack remedy, and though time and energy 
might be found for including untj one, yet the at- 
tempt to include all leads only tu disaster. How- 
ever, each reformer urges that room can be found 
for his own pet subject, and the educational lawgivers 
are too apt to yield in every case, through looking at 
the question piecemeal instead of as. a whole. 

Misconception or doubt as to meaning arises even 
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more frequently from clumsily constructed sentence 
than from doubt, as to the meaning of individual 
words. Indeed) the fi inner is the common cause of * 
the latter, as is apparent in the few examples wb * 
have given, and as might Iks expected from the fact 
that alteration in the meaning of a word is mainly a, ' 
matter of context. In ananalytic language like English 
the meaning depends on the order of words much 
more than in a synthetic language like Latin. Am- * 
biguity is frequently due to want of care in locating 
words and phrases. Here again numerous instances " 
can be found in even the best writers. Says Swift 
in Gulliver's Travel*, " It contained a warrant for 
conducting me and my retinue to Traldragdubb or 
Trildrogdiib, for it is pronounced both ways, as near 
as I can remember, by a party of ten horse," where 
we get at the meaning only by mentally transposing 
the hist phrase, on the assumption that the writer 
must have meant something different from what he 
said. In his translation of Homer's Oihjssi-ij Pope 
tells us " Anil thus the son the fervent sire addressed," 
which is as ambiguous as is the line " The noble 
hound the wolf hath slain " in W. R. Spencer's poem 
Gulerl. "An instance of [ambiguous construction] 
maybe read on the walls of Windsor Castle — 'Hoc fecit 
"Wykeham.' The king was incensed with the bishop for 
daring to record that ho made the tower, but the 
latter adroitly replied that what he really meant to 
indicate was that the tower was the making of him." 1 
In the Ttitler, Steele writes " He had by some strange 
magic arrived at the value of half a plumb, as the 
citizens call an hundred thousand pounds," 2 leaving 
his readers to wonder whether the sum mentioned 
waSj in the slang of the day, " a plumb " or " half a 
plumb." Many ambiguous constructions aro uncon- 
1 Stock, Dtdnrtiee Logic, p. 303. ' Tathr, No. 40. 
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§ 1. — Knowledge, as we have seen, consists < 
those beliefs of mankind which are true, that i 
which agree with reality; in knowledge, belief is i 
harmony with fact. But to say this would 
without meaning if we were unable to distingt 
genuine from apparent knowledge. To say we ' knoi 
therefore implies that we can know that we knoi 
in other words, that knowledge itself cur 
object of knowledge. And this is possible 
knowledge is a part of reality; it is an importa 
factor in the one universe, or totality of existent 
which is the object of all knowledge. IF, howevt 
it is possible to distinguish knowledge from mere 
belief, there must be certain general conditions which 
are found in all cases of knowledge, and are absent 
from all cases of mere belief. The investigation of 
these conditions is (he province of logic. 

Again, wc have seen that knowledge itself is in a 
state of continuous growth and development, and 
that the knowledge of mankind is both the product 
and the corrective of the knowledge of individuals. Tn 
order to examine the nature of knowledge, then, it is 
not sufficient to study the structure of the whole of 
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concerned, but with tbe conditions of the validity 
judgment in general. "Whether those conditic 
are fulfilled in any particular case must be left 1 
decision to that branch of science which enquires ii 
the special subject-matter with which the judgme 
deals. Hence it is about judgments in general t± 
logic asks the questions which the special sciem 
ask about particular judgments. 
t § i. — This makes it plain that logic is a ve 
abstract science. All science, indeed, is abstract, I 
each science is the construction of reality from c 
special point of view. It is only by approachi 
reality now from this side, and now from that, tl 
human thought can deal with it at all. "The mil 
with all its powers, is incapable of grasping t 
whole even of the ' flower in the crannied wall.' 1 
deals with it first under this aspect, and then und 
that — as a thing of beauty, as suggestive of 
Words worthian sonnet, as injurious to the structi 
of the wall, as a C'omposita, as consisting mainly 
carbon, oxygen, hydrogen, and nitrogen in cert* 
proportions, as decomposing so many cubic feet 
carbonic acid per diem under the influence of sunligl 
And whichever aspect we like to take we are prel 
sure to leave out the rest. The sonnet would 
deranged by a thought of the carbonic acid. A 
yet somehow all these aspects belong to the flow 
The whole, which is the real, contains or presei 
them all and many more. And so we learn our fi: 
lesson about thought, that to grasp anything at 
we must leave out the greater part of it. . . . ^ 
must admit that the mind never yet sifted out 
grain of truth without letting twenty other grai 
*Iip past unnoticed." 3 
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Bacon would have called it, the form of 
taken aa purely relative, the distinction is good prima 
facie. Steel has its own form, but the knife has its 
form, and the- matter steel can take many other forms 
besides that of a knife. Marble has its own form, 
its definable properties as marble (chemical and 
mechanical), but in a statue, marble is the matter, 
and the form is the shape given by the sculptor." 1 
Similarly, we may say that a mathematical formula 
is the form, of which the particular examples which 
come under it are the matter. 

But just as there can be no matter without form, 
so there can be no form without matter. Kor is the 
form independent of the matter. Many forms which 
can be expressed in gold cannot exist in clay, in sand, 
or in water. The form eacli material can take is 
partly determined by its own nature, and is one way 
in which that nature is expressed. 
Logtuia § 6- — The ' form ' then of any piece of reality con- 

ild'porLai s ' !i '' s °^ ' ne g Hnera l abstract qualities and relations 
which it exemplifies. Thus every science deals with 
one particular l form, 3 or kind of qualities and rela- 
tions, and the more general those qualities and rela- 
tions are the more emphatically 'formal' is the science. 
Thus, mathematics is one of the most formal and 
abstract of sciences, as it deals with an aspect of all 
things which can have quantity. But logic is yet 
more formal, as it deals with the form of all know- 
ledge, that is with those most general conditions which 
differentiate knowledge from what is not knowledge. 
As each science neglects every aspect of reality but 
one, so logic neglects all aspects of actual knowledge 
except those which belong to it simply as knowledge, 
irrespective of the reality which is known. It deals 
"not with the resultB of knowledge, but with the 
1 Bos&nqust, Essentials of Logic, p. 43. 
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liepot together. * 

Itam, logic Has to find it* * 
the external world of i 
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not new ; for in Bfcodying knowledge we at* won 
urily dealing with the am abjerss af kns*Mf* 
with" which we deal in other tatnetm. TV dnVranc* 
i» that in the other sewiees w* cW with tkea* «*faela 
is they are in tlieroselvri and in relation u-encn taker. 
whilst in logic we deal with then wnh-M exaanslai 
of how we know, that is, in a nartain iihlu M aar 
own minds. In tins logic resemble* p i ra osap. Bat 
in logic the emphasis is laid on the knowledge, wash* 
in psychology it is laid on the mind. In other amis. 
logie is concerned with the validity of the thweht. 

§ 7.— But though logic consider* the validity of »■ a ■ 
thought itisnot its function to teach men how lo reason. ^* t 
" Men reasoned generation after |,iiwiilian long 
before they knew a single dialectical rale. . . . The 
principles of logic were operative in every ■ —»■-■-— 
tion, yet the reasoner was incn&uiawt of thnr 
influence until Aristotle anatomized the nrannm." 1 
And nowadays men reason — and often reaaon well 
— who have never studied logic Logic, in other 
words, does not lay down laws for thoagbt, it does 
not set itself np to decide what methods of investiga- 
tion will lead to truth. In the Middle Ages logie 
pretended to do this, with the result that during the 
centuries when men accepted its guidance, knowledge 
mn.de scarcely any advance. The logician nowadsya 
more modest. He sees that tut province is to 
sept as valid all methods which lead to an increase 
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of knowledge, and to analyse them, so as to find 01 
what is essential and what is accidental in thei 
Nor does he claim to dictate to the future. For ju 
as sciences like botany and geology can speak wit 
much more certainty of the form which developmei 
has taken up to the present than of the form it wi 
take in the whole range of the future, so it is wil 
logic. The logician can analyse the processes whic 
have led to knowledge in the past, and are leading 
knowledge in the present, but he must not at temp 
to limit the activity of thought by saying that those 
processes are the only ones which can ever lead 
knowledge. 
f § 8. — The purpose of logic is, then, to mak 
clear and explicit the principles and the character ol 
valid thought; of thought, that is, which attains 
knowledge. And in this is its value. The person 
who has not studied logic has generally never made 
clear to his own mind the conditions which deter- 
mine the accuracy of his inferences. Many a man 
" infers, but can give you a very poor account of the 
grounds of his inference. He may, even so, infer 
well, in which case he is a person of insight, tact, 
skill, wisdom, but not a reasoner, nor one who 
understands the logical connexion of things. The 
practical mark of such a person is the irregularity 
of his success in inference. He reasons well when 
he has great experience or some natural gift, but 
apart from that he flounders. A logical mind is 
slower but surer." J The study of logic aids in the 
cultivation of the logical mind, though it will not 
ensure its development. By making cleai 
principles on which correct thought proceeds, logic 
indirectly helps the production of correct thought, for 
« principles can be consciously accepted as guides. 
> Hobhouae, op. Hi., pp. 2S7— 238. 
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§ 1. — We have seen that every piece of know- 
ledge and of belief exists in the form of judgment ■ 
or mental assertion, and further thai about > v> i y jadg 
meat we should ask the three fundamental qnartum 
as to its meaning, its truth, and its jn 
We have now to deal with the first of these question* 
in that general way in which alone logic is con- 
cerned with them. We have to enquire what in 
involved in the act of judgment as such, and what, 
consequently is implied by every judgment, no 
matter what the subject is with which it deals. 
In entering on this enquiry it must be borne is 
, judgment as a menial act, and not 
or form of words in which it may 
with which we are primarily con- 
can only consider judgments when 
they are verbally expressed, but this mjminrini ■ 



the propositio 



I'l-rtied. 



go 



E>ry often imperfect, and in such cases 
Miind the proposition to find the true judgment 
and having found it we are at liberty to express it 
in another verbal form if in that way we can state 
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the real meaning more clearly. Logic, indeed, posto _^ , 
lates that expression must he adapted to thougl ' 
Of course, we only know the judgments of oth 
through tho propositions in which they are presents 
to us, but we can frequently see that the 
presentation does not precisely coincide with t 
judgment it is intended to express. We havi 
then, to interpret the verbal expressior 
people's thought just as much as other pieces o 
our experience. Sometimes, no doubt, our inte 
pretalion in wrong, and then the judgment conveyed 
to our mind is different from that which existed in 
the mind of the speaker or writer from whom wo ^ 
received the proposition, and we have a case of mis- 
understanding. 

Having decided what judgment a given proposi- 
tion conveys, we must either accept it, reject it, or be _ 
in doubt, about it. In the last case we do not our- , , 
selves judge at all ; we suspend judgment. But 
both when we accept and when we reject a proposi- 
tion offered us by another, we ourselves perform an 
act of judgment. In the one case we adopt the 
suggested judgment as our own ; in the other cane 
in rejecting the suggested judgment we of necessity 
accept its contradictory ; if, for example, we reject 
the judgment that war is sometimes necessary we by 
that very rejection mentally affirm — i.e., we judge — 
that war is never necessary. 1 
jnnont § 2. — Tins has led us to one essential characteristic 
Truth. f judgment as a mental act ; it always claims to be 
true. It is impossible for any one to judge what he 
believes to be false. Any one judgment may of 
course be actually untrue ; but it cannot appear 
untrue to him who makes it at the moment when he 
makes it. A judgment, then, may be a truth or a 
1 Cf. p. 20-30. 
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known; i.e., as judged. The occurrence simply u 
it is the judgment about it which is true 

§ 3. — Whenever we judge, then, whether 
judgment is original or whether it is the acceptance 
of a judgment offered us by another, we assert what 
we believe to be true. And such assertion is not 
arbitrary, it has behind it what seems to us a 
sufficient ground — a ground which would compel any 
other rational mind to make the same judgment. 
The question of when such ground is really sufficient 
will occupy us in future chapters : we only point out 
now that to judge without any grounds is impossible 
to a rational mind. 

Of necessity, the grounds for every judgment must 
be found in the apprehended nature of that with 
which the judgment ia concerned. To say a judg- 
ment is true is to say it represents reality. But, as 
we have seen, reality exists for man only so far as it 
is known ; it exists for him in the form of judgment 
and in that form only. 1 Every separate judgment 
is, then, an attempt — -believed at the time to be a 
valid attempt — to menially reconstruct reality, that 
is, to construct in our thought a system corresponding 
to actual existence. Every such attempt is occasioned 
by some experience, for it is only in experience that 
reality is known. Every piece of experience must be 
interpreted, or made intelligible, before it can take its 
place in our system of knowledge. Such interpreta- 
tion harmonizes that experience with the system of 
knowledge already existing and derived from other 
experiences, either of ourselves or of others. 

But our systems of knowledge exist in the form 

of ideas. 2 Interpretation of any experience is, then, 

the bringing it under some idea, that is, the seeing it 

as an example of the general nature or law which that 

» Cf. pp. 27, 63. * Cf. p. 42. 
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is merely a partial interpretation of experience ; 
can only master reality bit by bit. 1 

The judgment is an act of s 
sense. The too high temperature is one experier 
which forces itself upon my attention. Whet 
attended to, it is resolved into the two ideas of t 
temperature of the room, and of e 
as a quality of that temperature. It is the actui 
room- temperature which is experienced by the m 
its effect on me is explained by bringing that temper 
ture under the idea of excessive warmth. So in ever w 
case. We see a bird flying, and the bird and its 
flight are one and the same experience, and 1" 
judgment which expresses that experience i 
simple act of thought. But it is an act 
analyses the experience into the two elements of bip 
and act of flying, and asserts that the latter is trt 
of the former. 

This is, however, only one side of the truth. Eac 
of the two parts into which a judgment analyses t 
experience has a meaning by itself, and these mean- 
ings are not identical with each other, 
think of birds in many other acts besides that of 
flying ; and we can think of Hying as the movement 
of kites and arrows as well as of birds, or of other 
birds besides this particular individual. The judg- 
ment is an act of synthesis, or building up, as well 
as an act of analysis, or taking to pieces. The two 
general icie;is of bird and [light arc thought together 
and modify each other. 

Every judgment is, then, an act both of analysis and 
of synthesis. The fact that judgments can only be 
examined in the form of propositions tends, however, 
to cause the analytic aspect of the act to be overlooked. 
For the proposition is composed of words, each of 
1 GJ. p. 64. 
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being verbally representor! by the word "thia." B 
on the other hand the same sentence may be 
answer to the question "What is this flower?" a 
in that case the " this " represents the subject, for 
is the starting point of the thought, and " an orchii 
is the predicate, for it is the further filling out 
that thought. Similarly, the limits of the logii 
subject depend on what is already known. "If y 
say, ' He ia going down to Yorksiiire to-morrow 
the 9'45 from King's Cross,' you divide 'he' 
the grammatical .subjeel from the rest as predical 
but the real transition in thought is from what 
knew before to what the judgment tells us, and 
this principle we might divide the judgment at a 
point, and should do so if we wish to represent t 
character of the advance, according to the in ten 
which the statement satisfies — ' He,' or ' going,' 
' Yorkshire,' or ' the 9"45 ' or ' King's Cross,' may 
the real predicate, the real addition to what we kn 
before." l This shows that the actual determinati 
of subject and predicate in any case is psychologic 
There is always a logical subject and a logi 
predicate, but these are not fixed elements. " 1 
content of the judgment is a complex of int 
connected elements, any one of which can stand 
subject or as predicate to the rest." 2 It is evide: 
then, that the ' grammatical subject ' — that is, t 
nominative to the principal verb— cannot in a 
proposition be taken, without further enquiry, as t 
logical subject. But yet, as speech should expr 
thought with the greatest possible exactness, ju< 
ments are most adequately represented by propositk 
in whieh there is this coincidence, so that, as ] 
Bosanquet puts it : "I think that to ask whetl 
*ie grammatical coi responds to the logical subject 
1 Hobhousc, The Theory of Knowledge, p. 158. a II 
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§ 6. — We have, however, ; 
the proposition to examine. i>*mt pre* 
judgments by propositiooji in which 
predicate are separated by the verb * » " or * are 
with or without the negative 'not-' That, the far* 
"Gold is lustrous" would be [wS rwd h> the fan 
"Gold glitters." This additional cha a * to . i» the 
expression of a judgment u called the Of>f «, and 
always consists of the present tetue of the eerfc ' ta 
be.' Now the word " copula ■ evggeata the idea id a 
link joining two independent idea*; and ibea the 
analytic aspect of the judgment i* loot eight «C A* 
tolly is this sometimes done that SO. aWwbvna* hi 
his Picture Logic represent* ■abject and pewh ee to aa 
two railway carriages, and the copula aa the enwpliae; 
chain attaching them to each other.* 'Tina," aa 
Dr. Bosanquet remark*, "bid exeellaH type 'A -J* 
way hi which we should not think of it,"" The 
copula is, indeed, not an independent eiaaMM of the 
judgment, at all, and Ha f 
is only to indicate that the act of , 
really taken place. " Benno Erdaaami haa athkaaadj 
expressed this point of view fay eaying, that ta the 
judgment, "The dead ride fa**,' the (object hi 'th* 
dead,' the predicate ' faat riding,' mmd the * 
fast riding of the dead;'''* 

The copula is, then, a lugn of j 
a mere link joining two independent • 
does not add on to the subject a new idea which 
bad previously no connexion with it, but H deehweo 

' Knowttiigt iivl tie/tidy, |j. ISX. 
1 Pirrur, Logi,, p, 173. 

» E*»enii<d, of Eogic, p. 100 (not*). 
* BoMnqoet, op. cii.. i- KM 



that subject and predicate are connected elements in 
one whole which the act of judgment has analysed. 
It is, therefore, a sign of both that analysis and 
synthesis which are aspects of every judgment. 

§ 7. — -Though every judgment is both an analysis 
j£° and a synthesis, yet either of these aspects may be 
the more prominent. It all depends upon whether 
the thought starts from the whole, and proceeds to 
make explicit the relations of the parts within that 
whole, when the analytic aspect is the more prorai 
nent ; or whether it starts from the parts as distinct 
and proceeds to bring out their connexion with each 
other, thus constituting the whole, when the syn> 
thesis is the more apparent. Simple examples can 
be found in such judgments as 8 = 5 + 3 where the 
analysis is ' the more prominent; and in 5- 
where the synthesis predominates. The fact 
same in each case, though the ways of approaching 
it are different ; and reality is not affected by the 
way we state it. This question, however, cannot be 
fully discussed at this stage ; all we would insist 
now is that, as in each case both a whole and its 
connected parts enter into the judgment, and as 
they are distinguished but not separate in the act of 
judging, so in each case the judgment is both 
analysis and a synthesis. 

§ 8. — If now we sura up the results we have 
reached in this chapter, we may say : That judg- 
ment is coextensive wirh affirmation and denial ; that 
every judgment is a truth or falsity, but from its 
nature claims to be true ; that truth means correct 
interpretation of the reality given in experieni 
that every judgment is a single act of thought, and 
is both analytic and synthetic, though one of these 
aspects may preponderate ; that the copula is not a 
link joining separate ideas, but is a sign that subject 
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* NATURE OF JUDGMENT 7« 

«nd predicate have been distinguished as connected 
dements in a given whole ; that the distinction of 
mfcject and predicate is not a fixed one, but is 
relative to the actual work of thought in the judg 
neat; that the proposition should be as exact a verbal 
presentment of the judgment as possible. 




TYPES OF JUDGMENT 

§ I, — A complete enumeration of the forma of 
verbal statement in which judgments are expressed 
is obviously impossible, and even were it made it 
would be of rhetorical rather than of logical interest. 
But an enumeration of the main types of judgment 
is a much simpler matter, and, as was said in the 
last chapter, it is the judgment with which logic as 
a theory of knowledge is primarily concerned. Logic 
deals with the proposition only as expressive of a 
judgment, and is, therefore, justified in reducing 
the multitudinous forms of statement of ordinary 
speech to a few typical forms, so long as these forms 
are capable of expressing all essential differences in 
the mode of judging. 

There are, as was seen in our earlier chapters, three 
main stages in the organization of knowledge — the 
stages of perception of things, of appreciation of 
universal relations, and of conception of system. Of 
course, in the totality of the knowledge of each one 
of us individually, and of mankind as a whole, we can 
find examples of each stage. In some domains we 
are in the last stage, in some in the second, and in 
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meats are exemplified by the " It hurts " or " How 
nice ! " of the child. Here the logical subject 13 the 
undifferentiated mass of present experience, and the 
whole force of the judgment practically rests in the 
predicate. We make similar judgments throughout 
life, e.g., "It rains," " It is foggy,"where the "it" which 
indicates the subject has the vaguest kind of general 
reference to the weather experiences of the moment. 

Closely allied to these are judgments which may 
be called Demonstrative, as they indicate, though they 
do not necessarily name, the element of reality which 
they interpret. In these cases there is frequently no 
formulation in worda at all ; a demonstrative judg- 
ment is implied in the very simplest act of recognition, 
When such a judgment is explicitly stated in words, 
the logical subject is generally represented by some 
such demonstrative word as 'This,' 'That,' "Here, 
1 Now,' as when one might say " Here is London," 
" This is an orchid," " Now's the day and now's the 
hour." 

When the analysis has been carried a step further, 
the new movement of thought starts from the result 
of such a judgment as we have just considered. The 
whole result of this judgment will now form the 
subject, and the new judgment will take such a form 
as " This book is very interesting " — which obviously 
assumes the judgment " This is a book." 
f A further step in complexity is taken in what 
may be called the JnAjimnl of Partindar Relation, 
as " Brighton is to the south of London ; " " This 
book is heavier than that ." In such cases the an- 
alysis of experience is deeper, and has given us two 
terms and the relation between them. 

So far the judgments we have considered deal 
primarily with facts in present perception, though in 
asserting the predicate of the subject they necessarily 
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ence when the judgment a of whs* w sin aD j 
a historical character, a» when we say, ** Cssar oue- 
quered Gaol.'' Here the proper name repreamta a 
person, who did many action* which are anted 
into that whole which we call a life by the fact 
that they were the actions of one individual. Tbr 
personality is, therefore, a universal, or factor 
comrnon to all those actions, and they are the 
different e xp res si ons in which the character of that 
universal becomes manifest. Such a judgment has. 
then, both an individual and a universal character, 
and it forms a kind of transition between the purely 
categorical judgments of fact and the judgments 
of universal relation or law which mark the next 
stage of knowledge. 

But the aim of thought is to reach universal j 
judgroeuts, that is, judgments which hold true of all J 
cases of a similar kind. The first step in this direction 
is taken when a presen experience is found to agree 
with a number of remembered past experiences. 
Hence arise all Judgments of Enumeration, such as 
" My holidays for the last five years have been spent 
in Devonshire." In such a judgment there has been 
a synthesis of remembered experiences with present 
experience. When the remembered experiences have 
been all alike, we can sum them up in the word 
"all," as when one might say "All my attempts to 
pass examinations have been successful." 

But memory construction, even when we take it 
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in its widest sense as including the n 
'■ whole human race, can carry an no further ; it can 
never justify us in making a.ssCTtii 'lis which | >ass beyond 
experience. How then are we to reach such a truly 
universal judgment as "All cows eat gras3 " 1 From 
our observation, even when supplemented by the 
testimony of others, we cannot be justified in as- 
serting more than " Some cows eat grass,"' for it 
is certain that cows not yet born have not been 
observed, to say nothing of innumerable cows in 
the past, and perhaps in the present, that have lived 
outside the observation of man. And it is equally 
certain that our judgment covers all those cows. 
No doubt uniformity of experience, especially when 
that experience is very extended, gives us a strong 
presumption in favour of universal agreement. But 
sucli presumption is not a logical justification; it 
strengthens belief, but does not convert it into 
knowledge. Before the discovery of Australia, un- 
contradicted experience justified the judgment " All 
swans hitherto known are white," but had the really 
universal judgment " All swans are white " been 
made, the black swans of Australia would have 
proved it to be unjustified. 

Mere observation, then, however extended it may 
be, can never give logical justification for a really 
universal judgment. Such justification is always a 
matter of inference, and is the work, not of sense- 
experience, but of thought. Suppose a beginner in 
geometry has found that if he inscribes a triangle 
in a serai-circle, the angle which touches the circum- 
ference is a right angle. He has certainly no 
reason for thinking that any triangle which he 
might inscribe in any semi-circle would exhibit the 
same characteristic. The idea that this might be 
so would possibly suggest itself to him, and w-ould 
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the connexion of S and P a necessary one. The hypo- 
thetical judgment makes this condition explicit. 
We may say, "Water freezes at a temperature 
of 32° F," when we state a general relation as a 
fact. But this rests on the hypothetical " If 
water be exposed to a temperature of 32 3 F. it 
freezes," when the temperature is stated to be not 
merely coincident with the freezing but the essential 
condition under which it takes place. This challenges 
examination as to whether the statement of condition 
is adequate, and further analysis of the facts in this 
case shows that it is not, and that we must add 
" under ordinary atmospheric pressure," as a co- 
ordinate condition. 

Whether a judgment of universal relation is 
stated categoncally or bypothetically is, therefore, 
mainly a matter of convenience, determined by the 
purpose with which the judgment is enunciated. 
Which is the real nature of the judgment cannot 
be decided by its mere verbal expression. Often, 
indeed, a judgment which is essentially hypothetical 
is expressed by a proposition which is categorical in 
form, as in the familiar " Trespassers will be pro- 
secuted." This would hold true even if there never 
were any trespassers, and so it never received 
realization in fact. For the actual judgment is " If 
any persons trespass they will be prosecuted," and 
the underlying reality which this judgment par- 
tially expounds is that system of law and law-courts 
which makes a prosecution for trespass possible. 

In the pure cate^orii.-id jink'nu-nt tin.- reference to 
reality is direct, and the judgment deals with the 
concrete facts of experience. In the generic judg- 
ment this reference to reabty is indirect, in that it is 
implied rather than affirmed that instances exist 
which exhibit the connexion asserted. In the 
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hypothetical judgment this concrete reference disap- 
pears, and the judgment is purely abstract, anil 
indifferent to whether the relation it assert* can be 
exemplified in real sensuous experience or not The 
law of inertia, for example, asserts that, i! all inter- 
fering conditions were removed, a motion OBM utartwl 
would go on for ever. The fact that in the actual 
world of sense-experience perpetual motion can 
never be produced, because such interfering condi- 
tions as friction cannot be entirely removed, does not 
touch the truth of this law. Hypothetical judgments, 
then, do not directly express facts in the ordinary 
sense of that word ; but indirectly imply them. 
" Underlying [such judgments] there is the implied 
categorical judgment, ' Reality has a character, such 
that, supposing so and so the consequence will 
be so and so.' And if this implied assertion 
is true, then the hypothetical judgment is 
true, although its terms may be not only unreal, but 
impossible. 'If. a microscopic object-lens with 
a focal length of jfa inch were used, its magni- 
fying power with an A eye piece would be so many 
diameters.' This is a mere matter of calculation, 
and is unquestionably true, depending upon the effnct* 
of refraction upon the optical image. But I 
do not suppose that such an object-lens could l>e made, 
or used." 1 In another way the judgment is highly 
abstract. Every such judgment deals with only one 
aspect of the reality it expresses, and many such 
judgments are necessary to express any whole con- 
crete fact. 

As the generic judgment finds it OOMTOta; 
expression in the categorical judgment of "alines*" 
so the hypothetical judgment can be repruwitited 
by what may be called the Concrete Conditional, 
1 Bosanquet, EswiHiala of Logic, p, 123. 
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Prapention, whose general symbolic expression 
be taken to be " Whenever any S is M that S is 
where the reference to cases in which the conne: 
is exemplified is much more direct. Of course 
statement does not necessarily imply that real c 
have ever been found, or even can be found, but 
use of the "whenever" ia misleading when no s 
cases are known to exist. 
2""'™? Both the generic judgment, with its cone 

judgmmii. expression in the universal categorical proposit 
and the hypothetical judgment attain their o 
perfect form when they are reciprocal, that is, w 
not only does the predicate always accompany 
subject, but when it is never found without 
subject. In such cases it is also true that " Evei 
is S " and that " If 8 is P it is M." But with 
special proof, we can never assume that this is 
It is as true that every right-angled triangle can 
inscribed in a semi-circle as it is that every triai 
inscribed in a semi-circle is right-angled. Simila 
the 48th proposition of the First Book of Eu 
is the converse or reciprocal of the 47th. 
in every case such reciprocity has to be separa 
established ; it is not implied by the orig 
judgment. 
TKt cd- The hypothetical judgment, then, explains 

"vl(™"«cni. connexion of S and P by making explicit 
condition M. But where, we may ask, are we 
find a resting-place in our search for explanati 
If the connexion of S and P is conditioned 
M, we may equally ask for the element which is 
ground of the connexion of S and M. So long 
we keep to mere symbols there can be no stoppi 
point in this regress. But when we consider 
matter with which any judgment deals we can 1 
a resting-place, at any rat* of a temporary charac 
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Ultimately, as was shown in chapter ii, ex plant ion 

can be complete only when the whole universe i* 

exhaustively known. Practically, however, we find 
sufficient, explanation for our present pnrpcwM tn 
seeing clearly the position of any fact or any law in 
one of those smaller systems into which, for out 
convenience, we divide the universe. To express the 
content of such a system is the function of the 
Ditjuitetire Jitdgment, whom genera] symbolic 
statement is "S is P, or Q, or . . . Z," where the 
number of alternative predicates is determined by 
the matter with which the judgment deals. 
Except in very simple cases it is obviously impossible 
to give concrete examples of such judgments. Wo 
may say "Graduation at the University of London 
is in either arts, science, law, medicine, or music," 
and, provided that the enumeration of faculties in 
the university is complete, this expresses the system 
in question. Similarly we express an arithmetical 
system when we affirm " All numbers are either 
prime or capable of being analysed into factors." 
Such judgments evidently rest upon the Principle 
of Excluded Middle, just as the judgments we have 
previously considered are expressions of the Principle 
of Identity. 

In the perfect disjunctive judgment a system is 
completely and accurately expressed. In such a 
case the alternative predicates between them exhaust 
the whole system, and each is exclusive of all the 
others. The judgment imposes a necessity to 
choose in any particular instance amongst those 
alternatives, and in this necessity is found the basis 
for the sufficiency of the condition stated by the 
hypothetical judgment. For in a system perfectly 
expressed by the judgment " S is either P or Q " ;t 
is evident that « If S is not P it is Q," and " If $ is p 
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it is not Q "; and these involve " If S is not Q 
P," and " If S is Q it is not P." The disjunc 
therefore, implies the hypothetical. But it has 
a categorical aspect. For though no particular 
S can be indifferently P or Q, but must be one 01 
other and that alone, yet P and Q are ah 
themselves only divisions of a wider predicate w 
embraces them both, and whose scope they toge 
exhaust. This wider predicate is fixed by the ( 
of thought in connexion with which the judgt 
is made. If, for example, P, Q . . . Z are coli 
then the wider predicate is "colour," and of th: 
Q . . . Z are differences. The attribution of 
wider predicate to tin- subject shows the general na 
of the system of reality which the disjunctive j 
inenfc expresses. 

Knowledge of system is, however, in many i 
imperfect, and many judgments expressed in 
disjunctive form do not fulfil all the conditions 
laid down, just as many generic and hypothe 
judgments fall short of the ideal of exact tho 
in that they are not reciprocal. The imperfect 
of the disjunctive judgment are either that 
alternative predicates do not exhaust the ■« 
realm of possibility, or that they do not exclude 
other. In the former case we have not a 
disjunctive judgment at all, but only a vague 
indeterminate categorical judgment ; for the 
essence of disjunction is that from the denial of 
alternative we can pass to the affirmation of the 
so that by the successive denial of every alterm 
but one we can pass with certainty to the knowl 
of the reality of that one. The latter case 
indicates a defective knowledge of system, 
indeed, shows that in actual life the disjunctive 
is used to express doubt as well aa orgai 
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both be true, because their predicates are ineompatih 
with each other, as when " on it particular occasion 
during a . . . visit of the Empress of Germany t 
London, io became the duty of the reporters of the 
public journals to describe Her Imperial Majesty* 
dress. Subsequently the Globe collected the descri] 
tions of the costume as they were given by differen 
reporters, to this effect : The Times stated that the 
Empress was in 'gold brocade,' while, according to the 
Daily News, she wore a ' sumptuous white silk dress 
The Standard, however, took another view : ' ~~ 
Empress wore something which we trust it i 
vulgar to call tight mauve.' On the other han< 
the Daily Chronicle was hardly in accord with e 
of the others : ' To us it seemed almost a sea-green 
and yet there was now a cream and now an ivoi 
sheen to it.' No wonder that the Globe asks 
phatically, ' What did the Empress wear ? ' " ' I 
o£ the judgments here quoted really negates all the 
others, because only one of them can possibly be 
true. No negation, however, appears on the face o 
any of these judgments. We get such explici 
negation when the judgment takes the negativ 
form, " S is not P." 

A consideration confined to this bare form would 
however, lead us to a very wrong conception of th 
nature of negation and of its work in thought. ~ 
in form the negative judgment is bare denial, an< 
the P is not limited to any system of predicates. 
The form would cover such a statement as " Virtu 
is not green," quite as well as " The dress of th 
Empress is not green." But it is obvious that < 
these two only the latter has any rational me 
The former does not correspond to an act of though 
at all ; in other words, it does not represent i 

1 Rooper, School and Home Lift, pp. 83—84. 
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r » certain limitation of reference which i* 
rby the context in which it actually occur* 
9 same as saying that every judgment U 
" in a certain system. If the prabjoat* 
' the system is that of colour, and uoljr 
g space can he coloured, f<ir lhay only 
. Consequently we can only rationally deny 
r colour of thing* winch occupy *p*c* 
i Imw bean shown thai in this htmtatvi* 
em is found the justification fur our jwif 
Bants, and that do judgment can be made witlimit 
a ground. Denial must, therefore, rent upon mjmm 
ground. But bare denial only mjjmbi i|fniir— a». 
and knowledge cannot be constructed owl of if-* 
ance. Denial always rests, then, on a pnMU** 
ground, and this ground is the presence of aomlWM 
in the reality with which the judgment deal* ail* 
is incompatible with the proputed predicate. We 
can rationally assert that 8 w not P oniy ah**) *« 
know more or less definitely that H U Q, ami that (y 
cannot co-exist with P in the nam* *vb/- 
apprehension of Q may, ind«*l, b« by aw ■—■«■■ 
explicit ; we may only feel nore that if * * 
receive F it would cease to be itaerf, bat »« *mmt 
feel this unless we believe there »• vm * MiW ** * 
which excludes P, and Ihw soNMtUa* U *b* '/ "* 
our symbolic statement. 

It appears, then, that every oegati"* "*** **"" ** 
implicit disjunctive judgment, and •* a aMM*4}MMMNr 
that denial and affirmation muloaJI/ »«"Hj «■* * ,a »*' 
Every denial is based on H sifcrrw**."". *«d •*«*)( 
affirmation negate all the </*»"' «lt*".»'.». w ^ 
incompatible predicate- in lb* •/*«*«" ^ *" 
judgment is limited. The us* <* »'- **™*Uv* '. 
the negative form «how. which a-p*** u Kw^iiwrt 
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rin thought, and this is determined in general 
the purpose with which the judgment is made, 
od § 4. — These considerations have also made plain 
aj n that the true function of negation in the work o 
tBl constructing knowledge is to show the limitation* 
within which our affirmations .should be confined. 
Suppose that in opposition to the universal c 
gorical proposition " Every S is F," an exception i 
proved to exist. We have then to grant that " thi 
S at any rate is not P."' But the original judgmen 
was based upon the generic judgment "S as such is P,' 
which had been supposed to he true. We must now 
therefore, grant that " S need not be P." But i 
the original judgment rested on any real evidence a 
all, it has not been entirely disproved, hut only limitec 
in its scope. We can still say " 8 may be P," 
with more direct reference to particular facts, "Some 
S's are P." The distinguishing feature of such a judg 
ment is the indefiniteness of the reference to S 
Similar forms arise from unanalysed experience. We 
have seen that mere uniformity of occurrence will not 
justify us in making the universal judgment " Even 
S is P," hut it will justify us in making the 
particular judgment "Some S's are P." And when 
we do so, we use the word ' some ' without prejudic 
the possibility that ' every ' would be true in fact. 
1 Some ' means in such a case that our knowledge Is 
professedly imperfect ; we know there are cases — one 
at leastr— in which S is P, hut our knowledge of the 
nature of the reality thus expressed is insufficient to 
enable us to say whether every S is P. In other 
cases in which we use the word ' some,' we do intend 
to exclude 'all,' but this can only be assumed to be the 
case when the context makes it perfectly clear. For 
example, suppose on examining the tabulated results 
of an examination we found that certain candidates 
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_ — least one case, but I do nee kaw- ham wvm i f s> 
judgment will apply.™ Even whea the aau«ccs «fca^p» 
that ' some ' is known not to fa* * all ' a* wrfaai «"t «■ 
"Some boys are idle and aone are ■^■rtn^a>r 7* 
the range of application of the* pawt»e«laW^4«""""** 
is always indefinite. They cawavt, afca^efc*"*. V 
resting place for thought in iu »il» afe^ "■ 
By their very form they c* " 
But as the universal jut' 
by such an analysis of c-~ 
generic or the hypothetical 
investigations must take to t 
into the universal judgment * 
accurate analysis of reality. *»■"* 
the finding a condition M wbw* 7g~f^X* » P ' 
then we have the hypothetic*! **" ^ya, « .j^, 
or the generic "8 which » 3* » ** ■,,)■-, m 
native ways of eipreasing the J^^arffindin* n 
It is, indeed, in some "-^S^T be uuiv^J. 
ceptions to judgments • n, FP°^ ct determination J 
and in the consequently n, ° re . er search into re*!;, 
those judgments through fart* era))y consists. y ' 

that advance in knowledge ge» brought out that 

The foregoing discussi"? B cat eg°rical prop 0sU . tne 
chief formal distinction* "» ca FUSl Uon 6 
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are those of Quality, between affirmative and negative, 
and of Quantity, between universal and particular. 
The latter distinction is determined by whether the 
proposition refers explicitly to all the individuals 
which bear the subject name, or whether its applica- 
tion is indefinite, 
nd § E>.— If we now ask whether the same distinctions 
.{" can be applied to hypothetical and disjunctive judg- 
ments we find that this is only very partially the case, 
ts. The negative form is perfectly appropriate to the 
hypothetical judgment, for a condition M may be 
found united with 8, winch is incompatible with P, 
and this is appropriately expressed by the form " If S 
is M it is not P." It is also possible to write par- 
ticular judgments in a hypothetical form, and say 
" If S is M it may be P," and "If S is M it need 
not he P." But this does not make the judgments 
really hypothetical, and is, there Fore, misleading. 
Every particular judgment directly asserts fact, and 
for this the categorical is the appropriate form ; 
whilst the special function of the hypothetical i 
express necessary connexion of a result with its 
conditions. As such a connexion must be universal, 
hypothetical form should only be used for 
universal judgments. 

Similarly, as the function of the disjunctive form is 
to express known relations within a system, it is evi- 
dent that a statement of the form "S may be P or Q" 
has little of the essence of disjunction in it: it is 
mainly an expression of ignorance, and the under- 
lying judgment is categorical. Further, it is impossi- 
ble to have a negative disjunctive judgment, 
would deny the disjunctive " S is P or Q" we must 
say " S is neither P nor Q," but this is not disjunctive 
but categorical. In short, the denial of a system does 
not involve the affirmation of an opposed system. 
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gold,' 1 we do not mean that no glitk'i-ing things 
gold, but only that some glittering things are 
gold. The proposition is, therefore, particular. 

It is possible to express more or less adequately 
every categorical judgment in one or other of these 
four forma, if we include the impersonal and demon- 
strative judgments under the particular ; and the 
judgments of particular relation and historical singu- 
lar judgments under the universal, on the ground 
that they definitely refer to the whole of their sub- 
jects. In doing so, however, we ignore the important 
distinction between such singular judgments and the 
true universal. Moreover, the form " Every S is P " 
is used indifferently for the mere results of counting, 
as " All the boys are tired," and the judgment 
necessary connexion, such as " All equilateral triangles 
are equiangular." However, certain relations hold 
between these forms of proposition which we shall 
do well to examine briefly. 

The four forms of proposition are traditionally i: 
dicated by the letters A, I, E, O, which are the first 
two vowels in the Latin word affirmo, I affirm, 
and the vowels in nego, I deny. The symbols are 
thus distributed — 

A Universal Affirmative. ..Every 8 is P. 

I Particular „ ...Some S's are P. 

E Universal Negative No S is P. 

O Particular „ Some S's are not P. 

§ 2. — We saw in chapter iii that every term has 
a. meaning or content, and a denotation, or range of 
objects to which it is applicable. Both those aspects 
are always present in categorical judgments, but the 
denotation is the more prominent in the subject and 
the meaning or content in the predicate. As, how- 
over, every term always has a reference to reality, it is 
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expressing exactly the same idea, and the form in 
which we put it is a matter of no logical interest. 

It is also plain that an O proposition cannot be 
converted at all, for to pass I'd mi " Sumc'S'a arc not P " 
to " Some P's are not S " would be to distribute 
S, and therefore to pass beyond the " Some S's " 
with which we start. 

If wo now examine the A form of proposition, we 
see that it can only be converted to the I form, as 
the P is given us undistributed. This is appro- 
priately termed conversion by limitation. In this 
process, therefore, we pass from a more definite to a 
lews definite assertion, for we lose sight of the 
distribution of S. From " All cats are animals " we 
reach by conversion " Some animals are cats ' ' which 
is only equivalent to "Some cats are animals." "We 
have passed from expressing knowledge to expressing 
partial ignorance. As Dr. Bosanquefc says, " We 
seem . . . only to have advanced to a doubt of what 
we knew." 1 It is true that if we look at meaning 
there is a difference of emphasis in passing from, say, 
" All sponges are animals " to " Some animals are 
sponges." But this is of psychological rather than 
of logical interest ; tho judgment underlying both 
propositions is one single act of thought, and is the 
same in each case. 

To call these processes of conversion, inference, is 
only justifiable if every change of form is held to 
indicate a change of thought, and this is certainly not 
the case. " Tho transposition is . . . of rhetorical 
rather than logical value. ' Who deniges of it, Betsy I ' 
inquired Mrs. Gamp J and then Mrs. Gamp, by 
reversing the order of tho question, imparted a more 
awful solemnity to it, ' Betsy, who deniges of it?' 
This is the philosophy of all conversions and all 
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substitutions of one verbal equivalent for another, in 
a nutshell." ' 

§ i. — We have now to enquire how tlic truth or J 
falsity of a proposition in any one of these four forms 
ailects the truth or falsity of each of the other forms 
which deal with the same matter, that is, have the 
same subject and predicate. It has been traditional to 
call these relations of truth and falsity " the 
opposition of propositions," where the word "opposi' 
tion" merely means comparison of differences of 
form, whether those differences imply real opposition, 
i.e., incompatibility in meaning, or not. The re- 
lations have been for many centuries indicated in 

B following diagram, which is called " The Square 
Opposition." 




Examining the propositions in pairs as indicated 

iy the diagram we take Erst the Subaltern relation, 

lame, derived from the diagram. I and O i 

1 Hobhoiiae, The Theonj of Knowledge, pp. 259—280. 
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called " subalterns " to A and E respectively, 
because they are written under those letters in tlie 
diagram. We see at once that the assertion of a 
universal obviously includes the assertion or its 
subaltern, i.e., the particular of the same quality. 
Thus, to assert A is to assert I ; to assert E is to 
assert O. But this will not hold in the case of 
denial. The fact that the hasty psalmist was 
unjustified in affirming that "All men are liars" by 
no means proves that the more modest assertion 
" Some men are liars " would not be true. On the 
other hand this latter proposition will not justify the 
former : we cannot affirm the universal on the basis 
of the particular. But if we deny the indefinite 
particular, our denial evidently applies yet more 
strongly to its corresponding universal. 

When we take propositions of opposite quality we 
see that A and O, E and I, respectively, are pairs nf 
Contradictories. The essence of contradiction is 
that of two contradictory propositions one must 
always he true and the other false. Thus to assert A 
is implicitly to deny O, to deny A is implicitly to 
assert O ; whilst these relations also hold the other 
way, that is, to deny O is to assert A, and to assert O 
is to deny A. Similar relations hold between E and 
I. This all follows directly from the Principles of 
Contradiction and Excluded Middle. 

If the propositions considered are A and E then 
it is obvious that both cannot bo true, but both may 
be falsa That " No men are liars " would be as 
rash a statement as that " All men are liars." 
These propositions are called (Joittrarv:.-* because the 
assertions made by them are the furthest remove'! 
from each other winch it is possible to make about 
any one subject matter. 

Lastly, when we consider the two particular forms 
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THE METHOD OF KNOWLEDGE 

§ 1.- — In chapters v and vi we considered what 
in implied by the act of judgment at its various 
stages of development, and so found an answer to 
the fundamental question as to the meaning or 
content of judgment. There remain for examination 
the two much more difficult enquiries relating to 
truth and evidence, and these will occupy us through- 
out the remainder of the book. These two questions 
cannot well be separated. No one ever accepts as 
true a statement which does not rest on evidence which 
he deems sufficient. But evidence which appears 
conclusive to one mind is often rejected by another 
as insufficient or even as altogether worthless. Our 
task, then, is to consider what is the final test of 
truth, to examine the kind of evidence on which 
judgments which satisfy that test are grounded, and 
to ascertain how such evidence is procured. la 
brief, we have to seek an answer to the question : 
By what method does man attain knowledge ? 

§ 2. — Method implies orderly procedure, that is, 
procedure guided by some definite principle. It is 
"nly when a task is pursued methodically that it ia 
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sequence of the mediaeval view of knowledge woa ■ 
false conception of the function of logic. It wat* 
held that the province of logic was to legislate tat" 
thought ; to lay down the methods by which alone 
truth could be attained. 

With the development of natural and physical! 
science which began in the sixteenth century the 
mediteval teat of truth was gradually discarded, and 
the view arose that the only test of truth is agree- 
ment with fact. Such agreement could l)e neither 
proved nor disproved by the mediseval logic, and bo 
the need for a new formulation of the method of 
knowledge was felt. This task was avowedly under- 
taken by Lord Bacon. Unfortunately, however, he 
retained the mediajval view that the function of 
logic is to lay down with authority the methods 
which scientific investigation must follow. He 
himself had not studied the methods by which 
Copernicus, Galileo, and the other great pioneers of 
science, really worked. He believed that an 
enormous collection of facts, followed by careful 
comparison and classification, would make the hidden 
truths of nature immediately obvious. The method 
was fundamentally a mistaken one, and, as Jevons 
says, " it has not been followed by any of the great 
masters of science." 1 But it had the merit of drawing 
attention to the need of verifying theories by appeal 
to fact. " Against this . . . must be set the fact that 
by calling his method induction, and laying so much 
Btress on the collection of facts, he fostered, and, 
irn.Jct'il, fixed in the public mind the erroneous idea 
that the whole work of science consists in observe 
tiou." - This idea really makes method mechanical, 
in that it is regarded as an artificial arrangement in 
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Since Mill's great work, the development of logic 
has been chiefly in deepening and making more exact 
the conception of knowledge. It is seen that agree- 
ment with fact is not a sufficient test of truth, if 
' fact ' is restricted to mean something observed by the 
senses. Science more and more finds truth in uni- 
versal relations and laws, of which particular facts 
are but manifestations and examples. Our teat of 
truth is that ultimate consistency and relation of 
universal judgments, verified by appeal to facts, 
which we mean by system. Thus the modern view 
is in one sense a return to that of Aristotle, but 
a return which lays emphasis also on that need of 
agreement with fact on which modern science rightly 
insists. 

§ 4. — This criterion of truth implies that method 
is essentially an order of thought, and not an order 
of things. It is that process of self-activity in which 
the mind of man satisfies its own rational nature by 
finding reason as the guiding principle of the uni- 
verse. It is not a process by which an order of 
externa] nature is stamped on a passively receptive 
mind. As Coleridge put it, " Method implies a pro- 
gressive transition, and it is the meaning of the word 
in the original language. . . . The term, method, 
cannot, therefore, otherwise than by ahuso, be applied 
to a mere dead arrangement, containing in itself no 
principle of progression." 1 It is the presence of such a 
principle of progression— of gradual development 
from incompleteness and imperfection towards com- 
pleteness and perfection of knowledge — which marks 
every true science. For a science is the result of 
mental activity bringing itself into harmony with 
world activity ; its success is marked by agreement 
with fact on the one hand, and by a growing appre- 
1 The Friend, voL in, p. 116. 
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ciation of the ultimately rational character ttt itv 
grounds of knowledge on the other. 

§ 5. — Important, therefore, ox it ia to remember i 
that knowledge is mental const met ion, it i* equally 
easfintial to War in mind that it is construction baaed 
un experience, and subject throughout to the teat it 
experience. A method of knowledge must, therefore, 
analyse the ways in which experience out be made 
clear and explicit ; in other words, enquire how an 
exact and definite knowledge of facto can be obtained. 
Now all human knowledge of material facta ia deri v«l 
in the last resort from direct observation. We 
shall have, then, to consider how we can guard 
against errors due to faulty or careleae obaer 
vation, bo that our fabric of knowledge may be 
based on a sure foundation. In a word we •hall 
have to enquire how it is possible to obey the maxim 
" Make sure of your facto." 

Bat though in the last resort all kngwledge of 
facts rests on direct observation, yet that last resort 
is unattainable for every one of ns in an indefinitely 
large number of cases. Every searcher after know- 
ledge has to accept much on the testimony of others, 
" In the best scientific work, even as in the worst, 
much must be taken upon trust ; on the authority of 
the competent observer, skilled instrument maker, or 
original investigator." 1 A method of knowledge must, 
therefore, indicate what tests of truth can be applied 
to testimony, so that only the trustworthy may be 
accepted. No formulation of method can be satis- 
factory which drops out of sight " the complex inter- 
change of opinion, observations, experimental results, 
criticisms — the division of labour — that constitutes 
the life of science." 2 

■ Ravenehear, Article on Testimony tmd Authority, Mind, 
JV. S., vol. vii, p. 63. * JW* P- M- 
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i § 6. — The ascertainment nf facts is, however, only 
the starting-point of knowledge. The very aim of 
every science is to extend knowledge beyond mere 
facts to those universal relations which can be found 
in those facts by the operations of thought, and 
to reason from those laws to their consequences, 
thus reaching knowledge of other facts which have 
not been observed, and binding the whole into one 
comprehensive system o£ knowledge. All sucli 
operations of thought are included under the general 
name of Inference. The aim of inference and the 
final step of method is thus seen to l>e the construc- 
tion of system and the finding in system that 
explanation which is the ultimate goal of thought. 

Our examination of Method will, therefore, fall 
under three main heads :— Observation and 
Testimony ; Inference ; System and Explanation. 
But these must not be regarded as three stages of 
progress separated in time. They are inseparable in 
the actual development and construction of know- 
ledge, though for convenience and clearness we can 
consider them apart. 

We have seen that system is simply t lie completion 
of inference, and it is obvious that the testing of the 
trustworthiness of testimony must also be a process 
of inference. It is not so evident at first sight that 
observation also implies inference, but further con- 
sideration shows that it is so. This will be worked 
out in our discussion of observation. 1 .It, is sufficient 
here to point out that wherever error is possible we 
shall do well to suspect the presence of inference. 
The impression on the senses is what it is, but even 
in the simplest cases it may .appear to us to be some- 
thing else, and so the judgment which expresses what 
the sense- impvcBsion is to us — i.e., what observation 
1 See Chapter xi. 
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we have actually made — may be falne. 1 Now, the 
grounds of this falsity cannot be found in the dm n 
sense impression, for that asserts nothing. It must, 
therefore, be sought in the net of mental ■ 

which we bring that impression under a certain 
idea. And such construction is of the nature «f 
inference, for it asserts the character of an huprevouu 
on the grounds of its resemblance to impressions not 
now experienced. For example, the rustic who takes 
i gravestone brightened by the moon for a ghost, in 
fers the ghost from the similarity of the sense-im- 
pression he actually receives with the bright m "■>; elikI 
»liiteness which form the essentia! features of his 
idea of the appearance of ghosts, Ids inference being 
supported by the midnight lirtur being the orthodox 
time for ghostly manifestations. 

It appears, then, that the method of knowledge En 
inference throughout, and it will lw necessary to 
consider the nature of inference before entering no 
elimination of the precautions which should be 
taken to secure that observation is expressed in true 
judgments of fact. 

7. — Before taking up this enquiry, however, it 
will be well to consider more definitely what i . 
iplied in speaking of any process of thought us 
methodical. 

Such a process may combine an indefinite number i ■ 
of inferences; it may be of any length and of any 
ee of complexity. But whatever its length or 
complexity, it is methodical Just in so far as it ie 
dominated by a pttrpOM. All methodical thought, 
we have seen, leads to system, and the idea of 
system is implicit in it from the first. Of course, in 
the beginning of an enquiry we have no system 
"y made. The .actual concrete system which our 
1 Of. pp. 22, B2. 
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enquiry aims at reaching is learned from the facts 
themselves. 

Observation of facts, then, suggests the kind i 
problems whoso solution will constitute the ay. 
in which they have their place. So "in e 
science the next step after observing the facts i 
formulate a seriea of questions according to som 
methodical system ; every science is composed of t" 
answers to auch a seriea of questions." ' 
indeed, an answer ia auggeated together with 1 
question, and then this has to be tested, 
process of finding or of testing the answers to t 
questions thus suggested will generally involve mucl 
more observation of facts, and this again 
suggest other problems, and so one enquiry grow 
out of another. But unless the original observatiot 
are accurately made, the whole enquiry is likely t 
prove futile. Or again, if in any enquiry we 6 
from a general proposition whose truth we assume, 
and that proposition is in reality wholly or partially 
false, then our labour is vain. 

These conaide rations yield us two closely related 
and fundamental rules of method — 

1. Have a definite purpose. 

2. Mah; sure of' your starting-point. 

% 8. — Neglect of one or both of these leads to 
Fallacy, that is, to invalid thought disguised as valid 
thought. This is moat likely to occur in exposition 



If the purpose is confused with the starting-p 
we have the fallacy of Begging the Question, c 
its technical Latin name, Petitio Principii. 
means the assumption, as the basis of proof, of the 
very proposition we set out to prove, or of a 

1 Langlois and Seignobos, Iii/rotltiih'on to the Study o 
History, Eug, triiis. by Berry, p. 214. 
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(ion implying it. The pwiiMlity of expnmiog the 
same judgment in various forms of words rwiders it 
easy for such fallacious arguments to p*M enrmit. 
The fallacy is committed, for instance, when wo are 
told that "opium produces sleep because it has a 
soporific quality," or that "(he volume, of a body 
diminishes when it is cooled, because (he moleculM 
then become closer." 

Perhaps the most common mode of eommittiiiL' iliis 
fallacy is the acceptance of sham axioms, generally 
received from tradition, and the use of them as bancs 
for inference. Of these many thousands have Urn 
received amongst men, and many arc still held with 
unquestioning faith. We will quote a few : That 
nature abhors a vacuum ; That other metals can bo 
transmuted into gold ; That aJl men are equal ; That 
slavery is natural ; That all children are born wholly 
good; That all children are born wholly inclined to 
evil; That in all trading the gain of the one party 
is the loss of the other ; That dreams are prophetic ; 
That like cures like. 

An excellent example of this form of the fallacy 
is to be found in the First Chapter of Mr. Herbert 
Spencer's Education. After slating that "acquirement 
of every kind has two values — value as ktundnthjr. and 
value as discipline" the author discusses the value of 
moat subjects from the point of view of knowledge. 
He then turns to disciplinary value and begins his 
remarks with the following ■jtntili.ti : — " Having found 
what is best for the one end, we have by implication 
found what is best for the other. We may he quite 
sure that the acquirement of those classes of facts 
which are most useful for regulating conduct, involves 
a mental exercise best, fitted for strengthening the 
faculties, It would be utterly contrary bo the beau- 
tiful economy of Nature, if one kind i>f culture were 
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needed for the gaining of information and another 
kind were needed as a mental gymnastic." ' 
o A vague conception of the purpose often leads to 
tho fallacy of Arguing besides the mark — Ignoralio 
Elenchi as it is technically termed. To meet a man's 
arguments by a eliarge of inconsistency, or by personal 
abuse, is to furnish a case in point. "To knock a 
man down when he differs from you in opinion may 
prove your strength, but hardly your logic." 2 

Another mode of committing the fallacy is to appeal 
to prejudice or to sentiment. The following "argu- 
ment " against the study of literature is a striking 
instance : " When a mother is mourning over a 
first-born that has sunk under the sequels! of scarlet- 
fever — when perhaps a candid medical man has 
confirmed her suspicion that her child would have 
recovered had not its system been enfeebled by over- 
study — when alio is prostrate under the pangs of com- 
bined grief and remorse; it is but small consolation 
that she can read Dante in the original." a 

The fallacy may also be commit tcil by ignoring the 
arguments by which your opponent supports his con- 
clusion, and setting up in their place a " man of 
straw " which you then triumphantly demolish. A 
good instance is furnished by the objection to a 
classical education that " throughout his after career, 
a boy, in nine cases out of ten, applies his Latin and 
Greek to no practical purposes." * Or again : " As the 
Orinoco Indian puts on paint before leaving his hut, 
uot with a view to any direct benefit, but because he 
would be ashamed to be seen without it ; so, 
a boy's drilling in Latin and Greek is insisted on, 
not because of their intrinsic value, but that he may 
not be disgraced by being found ignorant of them — 
- Stock, Dtduetivt Look, p. 313. 
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that he may have 'the education of a gentlemao * — 
the badge marking a certain social position, and 
bringing a consequent respect." * Of course Sir. 
Spencer has no difficulty in showing that these arc 
cot valid grounds on which to select a curriculum. 
But such showing is the veriest beating of the air so 
far as the arguments based on the disciplinary value 
of classical studies are concerned. And it is on these 
that the advocates of such studies mainly rely. 

In using illustrations, we need to be continually 
on our guard against this fallacy. An illustration is 
intended to make clear something which the learner 
finds obscure. But the teacher may mistake the 
difficulty, and so direct the illustration to the wrong 
point. The same error may be made by the learner, 
For, as De Morgan well says, " the greatest, 
difficulty in the way of learners is not knowing 
exactly in what their difficulty consists; and they are 
apt to think that when sonwlh tug is made clear, it 
must be the something." 2 Especially is this the case 
when an abstract relation is illustrated by concrete 
examples. There is always the danger that it in 
something in the particular examples really irrelevant 
to the point under consideration which has beeu 
understood, and generally " the minds which are best 
satisfied liv material instances ace also those which 
give themselves no further trouble." 3 

Another form of this fallacy to which the use of 
illustrations is liable is that the learner may fail to 
see the analogy between the illustration and the 
difficulty it is meant to make clear. Such con- 
siderations show that great care is needed tn make 
sure that an illustration really fulfils its intended 
function. 
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§ 9. — Methodical process must, then, have a 
definite starting-point and a definite purpose. But 
it is in the continuous transition from tho former to 
the latter, that method is found. We cannot have 
orderly procedure unless we first know whence we 
lire starting and whither we wish to go. But it is 
quite possible to know these and yet to wander by the 
way. How such wandering may be avoided in any 
particular case must be determined by the special 
science concerned. Our task is only to find by the 
analysis of successful procedure, what are the general 
characteristics of such method. These character- 
istics may be summed up by Baying that methoi/icnl 
■process oniUs nothing, fakes up the /mints one by one, 
and takes them tip in suck an order that it goes from the 
starting-point t<i 'he fulfilment if tin- purpose by con- 
secutive steps, each of which is seen in its trne relation 
to every other step and to the enquiry as a whole. 

§ 10. — It is evident that in the process of 
discovery nothing more than an approximation 
to this ideal can be expected, just because the 
system is in tho process of making. It ia only when 
the process iB complete and has become proof that 
all which really lies outside the direct path can be 
swept away, and the passage of thought from 
starting-point to goal be seen as a necessary and 
continuous transition. Such perfect examples are, 
for instance, found in many of Euclid's proofs of 
geometrical truths. A process of inference is, then, 
logically perfect when it has ceased to be discovery 
and has become proof. Whether the process is 
familiar or new to any individual mind has nothing 
to do with its logical character. It is, therefore, a 
mistake to confine the term ' inference ' to cases in 
whicli an individual reaches a truth hitherto un- 
known to him. The essence of inference is that 
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upon the extent of our knowledge ot rose-tree 
life. One person may he able to state only the 
general fact of sequence, another will give more or 
less approximately the time the transition will 
occupy. The more exact the mental construction, 
the more exact is the conclusion which that con- 
struction makes apparent. 

To borrow another example : " My train is half 
an hour late. I know I must miss my connexions 
at the station ahead ; for the train I am hoping to 
catch at that place is scheduled te leave five minutes 
after the time of arrival of the train I am now on. 
The time relations hero necessitate my missing my 
connexions. This is rendered still more certain if 
they are rival roads; on no account will one wait 
for the other. Moreover, tho train I hope to make 
is made up and leaves the station iu question, and 
so I cannot fall back upon the favouring chance 
that it also may he detained en route, and so enable 
me, after all, to reach it in time. Thus, with every 
additional knowledge of the system which forms the 
ground of my inference, and the various conditions 
which affect it, the validity of my inference is 
thereby increased." 1 
inference Inference is, then, mental construction based on 

Previous knowledge of particular systems and of such a 
Knowledge, character that a result not explicitly given in the 
premises can bo immediately ap [in 'bonded by thought 
when the construction is made. It is obvious from 
this that our power of inference is in every case 
essentially relative to the amount, of our knowledge 
of the appropriate system. For example, a little 
child or a savage sees a heap of gunpowder for the 
first time, so that to him it is merely a heap of some- 
thing like black sand. The civilized adult who 
1 Hibbeu, luditrtiee Logir, p. 10. 
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and from that proceed to develope by inference the 
particular contents of that system. This method of 
inference is called Deductive, it starts with the 
universal and applies that universal to the particulars 
which express it. It is, therefore, predominantly a 
synthetic process, as its function is to bind together 
particulars in a known system. 

On the other hand we may have only a number of 
given facta, and our task is then to find a system 
which will exhibit, all these facts in consistent 
relations to each other and to the rest of human 
knowledge. This is called Inductive Inference. It 
starts with particulars and tries to find the 
universal they embody. Thus it is primarily an 
analytic process, as it can only find the universal it 
seeks by analysing the given facts. This makes it 
more or less tentative, as every particular fact 
embodies many universals, and more than one 
solution of an inductive problem is, therefore, likely 
to present itself. 

It follows, of course, that deduction is the easier 
process ; for,, given the promises, only one construction, 
and consequently only one solution, is passible. " In 
Induction you are finding out the system piecemeal, 
in Deduction you already have the clue ; but the 
system and the system only, is the ground of 
inference in both. Induction is tentative because 
we do not know the system completely," whilst "in 
deduction wo are sure of having knowledge which 
covers the whole system." * 

Both deduction and induction, then, aim at making 
evident what a system involves. Looked at thus, 
they are seen to be two sides of one process, and not 
two separate and opposed kinds of inference. Every 
system is built up on inductions, for our universals 

1 BoSJUir[HPt, E--'"'!llinh ft/' l.o'jir, p. ll>± 
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ire fount! by analysing experience , deduction, 
therefore, implies utdactiuo. On tbe other hand. »» 
We shall see later on, i nil action involve* deduction ; ' 
consequently, when we examine the processes i 
detail we shall begin with deduction. 

§ 12. — Induction ami Deduction are, indeed, but ' 
expressions for those fundamental and mutually in i 
volved processes of analysis and synthesis which we 
have already found to be implicit in every judgment, 
that is, in every expression of knowledge or belief. 
We are now in a position to see more clearly what 
is meant by saying that each of these implies the 
other. Induction is primarily analytic, Ix-cause h 
works by analysing or mentally separating the 
elements which compose ,1 i^iven fact. But it is also 
synthetic, "for we not only got internal connexions 
in our given material, but travelling ijcyoud it, we 
take it as one member in a group of instances. 
Beginning with the individual case we are investi- 
gating, we go on to others of the' self-same nature." - 
These others we bring under the universal law we, 
have found, or, in other words, we include them in 
the system we are constructing. On the other hand, 
deduction is primarily synthetic, as it is ostensibly 
this very process which we have just seen to bo im- 
plicit in induction. But by following out the univer- 
sal relations of a system into its details, wo are 
analysing that system unawares, and turning the 
vague idea of it with which we started into clear and 
definite knowledge. As Mr. Bradley admirably puts 
it : " Analysis is the synthesis of the whole which it 
divides, and synthesis the analysis of the whole which 
it constructs." 3 These two are. then, different sides 
of one process, the object <A whidi is lo show a systoin 

r. s Bradley, The Prinri,J,:* of Louir, p. 4SG. 
1.431. 
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as a clearly articulated whole. They differ in start- 
ing-point, in the end in view, and in the mental 
process of which we are conscious. But when the 
result is reached, it is always apparent that it has 
the twofold character of exhibiting at once the 
unity of the whole and the differences of its parts. 
Advance in knowledge is, then, advance in both 
analysis and synthesis. "The more deeply you 
analyse a given whole, the wider and larger you 
make its unity ; and the more elements you join in 
a synthetic construction, so much greater is the detail 
and more full the differentiation of that totality." 1 

§ 13. — It follows from what we have said that 
whether the analytic or the synthetic method is 
mainly adopted in any particular science depends 
upon the extent to which that science has been 
organized as a system. The more fully this has been 
done, the more deductive inference preponderates, for 
the more possible it is to start fresh enquiries from 
universal relations which have been previously 
established. On account of its very abstract nature 
and the simplicity of the axioms on which it is based, 
mathematics is the most deductive of the sciences, 
and the more any particular science is able to bring 
itself into touch with mathematics the more the 
synthetic method takes the place of the analytic 
method in that science. Physics and astronomy 
have in this way, become mainly synthetic in 
method. On the other hand, biology 13 still largely 
analytic in its method, though the adoption of the 
great principle of evolution is gradually making it 
more synthetic. Geology and chemistry are still 
compelled to follow mainly the analytic method, 
whilst history, based as it must always be on 
testimony, can probably never do anything else. 
1 Bradley, The Principle* 0/ Logic, p. 44". 
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§ 1. — Deductive Inference is the esUblUI 
some particular relation by plating it in an a 
priato system. Now this may be done with | 
or less definitencss. Wo may l>e able to aajr no more 
than that we have a case which falls under* certain 
system, without being able to construct that ryatcn 
in detail. Then the inference is one of Stilmmption, 
which simply means that it seta forth a particular tu 
an example of a universal. Such an inference i* 
based upon the relation of subject and attribute, that 
is, upon the assertion that a certain concrete subject 
possesses a certain attribute, as " Wolvm are 
savage," or " Slavery is derogatory to human nature." 
But of a concrete subject many such assertion* are 
possible. It is because of thin concrete cha- 
racter, that no single construction can give u* the 
whole system, and it follows that in every hulmuuip- 
tive inference it is Decessary to slute explicitly 
which of the universal relations involved in the 
system is made the basis of the inference. 

In other cases the relations involved are much 
inure definite, because they are purely abstract. 
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Then the whole nature of the system stands r 
by the combination of the given elements, a 
not necessary to restate that nature in 
abstract form. In such cases the inference i 
be simply called one of Construction ; the beat e 
amples of this are found in geometry and i 
branches of mathematics. We must consider i 
luu Forms of deductive inference separately. 

Sn-LOCISM 

§ 2. — Subsnmplive Inferences werefullyanalys 
Aristotle, and the results set forth in the doctri 
the Syllogism. Aristotle defined syllog 
form of reasoning in which certain facts 1 
assumed, something else differing from these f 
results in virtue of them." Stated explicitly, 
syllogism consists of three parts — (1) the Maj<r, 
Premise, which seta forth the universal relation on 
which the whole construction rests ; (2) the Minor 
Premise, which brings a particular case under the 
major ; (3) the Conclusion, which sets forth the 
necessary consequence of this combination of 

Now it is evident from this statement that the 
premises must have an element of identity as a 
connecting link. This is embodied in the Middle 
Term, that is, the term which is common to both 
premises, and by means of which the minor is 
subsumed under the major. Symbolically then, we 
B»y state n syllogism thus — 

Major Premise M is P, 

Minor Premise S is M ; 

Conclusion '.8 isP. 

The First essential of syllogistic inference is, 




a uwuuiin I 

tliat then? . 
neeliuif fAe , 
secured by oberia? the i 
middle term mast be Med in H* fnl uan at at 
least one of the premise*/ that ■» tint there ana W • 
definite assertion abort erery It If it n**« « 
premises "Some orang-s (M) an i>m P»' and 
"This (S) is an orange (MV w* cm *»» n nil— 
conclusion as to the iwirtiaw or atfcm i km, nf ti» 
particular f rait, though c 
sweetness more < 
such wnrinBM 
which is merely < 

not rest on a De ce n a ry rir fieri m of 
" He is a fool,'' says Mrs. Poyser, r 
cat go into the dairy an) a*l 
gone there for." Here, i 
strengthened by a knowledge that eata Hk* i 
but the conclusion thai every time 
dairy its intentions are ftikjniona » 1 
one, though its probability L* 
justify immediate action on tbi 
it is evident that the ttrength of 
which we accept a conclusion U nrono rti enn bi to tk* 
amount of probability we feel m to the M being 
really identical in oar premise*. 
The traditional doctrine of < 
inferences which do not give a i 
conclusion. This was a nataral thing to do wltm it 
was believed that ultimate trntba of a *Hf eiioVnt 
character could be found in emery deuarttntnt -A 
knowledge. Toe nature of mmbboI ihexe 'tretba' 
has already been indicated. 1 W« no longer behWv* 
in such a mechanical road to knowledge, and we *** 
conscious that the majority of our cunclnay*M r 
■h^ 'C/p-113 
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_ ted by evidence ao cogs 
them absolutely certain. An imestigati< 
method of knowledge must, therefore, take account 
of inferences which only yield more or less probable 
conclusions. So long as we are careful to distinguish 
between conclusions which axe certain and those 
which are only probable, no fallacy is committed. 

But it may be asked — Is the formal rule to refer 
explicitly to "every SI" the only way of securing 
that M is identical in both premises ! To this the 
answer is that if the major really rests 
connexion of attributes, the M can always be thus 
expressed. Science, as we have seen, 
establishing reciprocal judgment*. 1 When such a 
judgment has been established it is a matter of 
indifference which term is made the grammatical 
subject and which the predicate of the proposition 
which expresses it. There are many such judgments 
in chemistry. For example, a liquid is tested by 
dipping into it a piece of blue litmus paper ; if the 
paper turns red, the conclusion is drawn that the 
liquid tested is an acid. The inference would 
proliably be set forth in this form — 

All acids (P) turn bine litmus paper red (M), 

This liquid (S) turns blue litmus paper red (11) : 

Therefore, this liquid (S) is an acid (P). 

Thus stated the syllogism is formally invalid 

because no explicit reference is made to " every M " 

in either premise. But as the major is a reciprocal 

judgment, it may be equally well expressed in the 

form, " All liquids which turn blue litmus paper red 

are acids, ,T and if this is put as the major premise the 

formal flaw disappears. Of course it is only because 

' CJ. P . 88. 
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p major is reciprocal Lhat thi* caafigc of foon »» 
allowable. We most coed ode, then, lhat do 
syllogism is valid unless it can be staled in a valid 
form. 

The second essential of syllogistic inference is thai < 
ike conclusion must not avert more Out* it warranted ! 
by the premises, a requirement which syllogism sliarrs 
with all other forms of inference. If, under the general 
major " Every M is P," we bring as minor " Thia S 
isM, "or "Some 8» axe M," it is evident that we should 
only refer in the conclusion to just the very same 
S or S's. We can only draw a conclusion about 
"every 8 " when the minor premise definitely refers 
to every S. Or, to put it in another way, from a 
minor "Smay be M," united with a major "il ia 1',' 
we can only conclude that " S may be P." As 
there is no necessary connexion affirmed in the 
minor, none can be asserted in the conclusion. 

Similarly, the whole scope of P can only be referred 
to in the conclusion when it i» definitely referred la 
in the major premise. Such explicit reference to the 
whole application of the predicate is only possible in 
a negative judgment, and there it is always made. 
Hence, to infer from the premises "All fishes (M) nro 
coldblooded (P) ; No whales (S) are fishes (M)." that 
" No whales (S) are cold-blooded (P)," i» *a invalid 
inference, though both promises and ronolUfliOB bap 
pen to be true. And this draws our attention to an 
important point, namely, that the validity of a syllo- 
gism is not to be tested by the truth or falsity of 
its conclusion, hut by whether the premises warmul 
that conclusion. A good position may be aiippurkil 
by very bad arguments, and in such cases the m , 
struction offered as its support is not tna SvMflBoe 
on which its truth really rests. Of course, the 
question as to the truth of our premises is one of 
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equal importance with tlie question as to the validit 1 
of our inference, but it is one which syllogisa 
does not attempt to answer. The characteristic o 
syllogism is that it starts from premises assumed 
be true ; the grounds for such assumption mi 
usually be sought in induction. 

The requirement that the conclusion must not g 
beyond the premises in the scope of its 
raises the question whether such a construction is 
valid inference at all. It has been urged that 
from the premises " Every M is P," " S is M," w 
draw the conclusion " S is P," we are guilty of the 
fallacy of pelitio priiicipii} Doubtless if our majo 
premise rested on an exhaustive enumeration of in 
stances, as its mere form suggests, wo should no 
be justified in asserting it unless we had examine* 
H among other instances of M, and so this chargi 
would hold. But when we remember that the 
justification of the major is a known necessary 
nexion of S and P, then the charge is seen to bo 
itself a petitio, as it assumes the very point to be 
proved, viz., that the major is the result of a com 
plete enumeration of instances of M. I may know 
that every candidate who gets less than x marks 
mathematics fails in a certain examination, and this 
knowledge is quite independent of whether I 
acquainted with the marks actually scored by ani 
of the candidates who do fail. The major is basec 
on the regulations applicable to the examination, ant 
is the real and true ground of the failure of all 
didates who fulfil the condition it lays down. 

Again, it has been urged that syllogism is not in- 
ference, because immediately we have the premises 
we have the conclusion. It may be replied that il 
this were not so it would not be inference, for the 
1 C/p. 112. 
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essence of all inference h that the praua inmaai 
tate the conclusion. This objetti'-o :« based da twa 
confusions. The tint is that toefciag opon aerctty 

H '! saence of inference, »i " 

dealt with. 1 The other is the 

judgments which form the premim a* nan j»dg- 

ments, and as premises. 

that is, as separate 

of them involves the conclusion. Wba they are 

combined as premise* the ii inclusion i» the omcmatj 

consequence not of the judgment* but of their 

combination. 

The remaining rules of syllogism are neH-eridenl 
and need not detain us. They are that tme premise 
mint be affirmative, and that an njfirmatir* evtwlurion 
can only be the OUteome of boo fxjj\rmi<l\ 

As a negative judgment explicitly denie 
it is evident that two such denials of relatkm to H 
can establish nothing. And equally evident ia it 
that a denial in the premises most be represented by a 
corresponding denial in the conclusion, arid viz* veria. 

§ 3. —Aristotle considered in detail how many com- 
binations of premises would yield valid syllogisms, 
but the enquiry is mainly of antiquarian interest. Any 
construction which claims to be a syllogism can be 
tested by the four rules we have considered above. 

One other point only needs be noticed, and that is 
the distinction of figure. Aristotle distinguished 
three figures according to the position of the middle 
term in the two premises — 

no i. rn- n- Fl °- m. 

Major Premise M-P *£$ JMJ 

Minor Premise S-M _S^"_ J^« 

Condnsta... ■ ::: /s5L^? " ^ 
• 0f. PP- 1W- 1 "" 
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Of these only the first is really an analysis of 
-ubsumptive inference, for it alone has a true major 
premise ; that is, a universal under which the minor 
is brought. In the other figures the premises are the 
same in kind, and this involves that they cannot 
give a certain universal affirmative conclusion. Their 
most important function in the method of knowledge 
is that they are steps in induction. We shall, there- 
fore, postpone further consideration of them to a 
later stage. 1 

The mediievai followers of Aristotle added , 
fourth figure showing Un: remaining possible arrange- 
ment of terms — 

-M 



This is certainly a possible symbolic form, but it 
corresponds to nothing in the actual structure of 
thought, and should, therefore, be discarded. 

§ 4. — The universal judgment, as we have seen, 
, is often most exactly expressed in hypothetical form. 
We may, then, have syllogisms in which the minor 
premise brings a particular case under a universal 
relation of the form "If S is M it is P." Now 
from this mere form we must not assume that M is 
the only possible condition under which S is P, for in 
most of the judgments of ordinary life neither M nor 
P are stated with sufficient accuracy. 2 We must, 
then, face the possibility that 3 may be P under other 
conditions, as X, Y, Z. For instance, " If a man (S) 
is shot through the heart (M) he dies (P)," but there 
are many other possible causes of death. It follows 
that we cannot infer " S is not P " from the 
conjunction of such a major premise with a minor of 
1 See Chaps, xi. and xiv. ! Cf. pp. 8B, 90. 




To put it genenDj : * eertaza a 

can be draw; 

or denying the o 

premise. Bat to < 

denying tbe antecedent woaid be la e 

fallacy analogous to tbe Qfiejt i 

reference of the major t. 

This is evident when it is aeea tiau «r aj brao- 

thetical syllogism eat) be e an t ta a ul i at i |af hall J 

by writing the major pw a w n tbe farm 

" Every S M is P. a Tbe minor " Thai S w not M ' 

may be expressed: "This is not 8 M." If then 

these two propositions are combined 

Every S M i> P, 
This i* not S M ; 

it becomes evident that we are not justified in con- 
cluding " This is not P." 
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Similarly, if we affirm the consequent, the syllogism 
may be categorically expressed 

Every S M is P, 
This is P ; 

and it is seen that the middle term P is not dis- 
tribute^ ainl eon-;oi|uenUy we are not justified in 
affirming " This is S M." 

Hence, it is a matter of indifference, so far as the 
formal accuracy of our inference is concerned, 
whether we stato it in a categorical or in a hypo- 
thetical syllogism. 



CONSTRUCTION 

§ 5. — We must now consider the characteristics of 
Construction. In such inferences as '' A is nortli of 
E and B is nortli of C, therefore A ia north of C," 
the conclusion follows obviously and immediately from 
the construction. But that construction is not 
syllogistic, for there is no middle term ; we have 
" B " in one premise and " north of B," in the other. 
No doubt we can put the whole into syllogistic form 
by using as a major " What is north of anything is 
north of that which the former is north of." But 
this is raerelv the construction itself generalized and 
put in a mora abstract form ; it is not the ground 
on which the inference actually rests. In such 
inferences, as in all other's, we must have a point of 
connexion between the premises. But the mere 
presence of the same term in each is not enough ; that 
term must stand in the same kind of relation in 
each. As Mr. Bradley says, " ' A runs faster than B 
and B keeps a dog (C),' ' A is heavier than B and B 
precedes C,' ' A is worth more than B and B is on 
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the table (C),' or ' A is like B and B w like tV 
You may doubtless extract some kind of inference 
out of these premises, but you no hardly ; 
them to any definite and immediate rotation IwrtwoMi 
A and C." ' 

Now, it is evident that the relation* between thing* 
are indefinite in number, and oonMaUttttj> it i» 
impossible to make a list of valid inferences. All 
that can be done is to consider the " testa of the 
general possibility of making n i-ori-tructiori 
the actual construction there can be DO "morn." * 

§ 6. — The general principle of »uch conn true tin- Trv m <* 
inferences is that the construction exbfbil lb 
contents of the system. They are of two main 
classes (1) those in which the constructed whole is a 
mere sum of its element-, i! ■ : 
arithmetical constructions; (2) those in wli 
elements united are relation*, the most typical 
examples being geometrical con it ructions. In each 
case the process can be immediately generalized ; 
for as the whole of the system i* explicit in ttii 
struction, any precisely similar construction will 
yield a precisely similar result. 

If we consider the judgments of arithmetic we find -iwi*mrtfc«/ 
they are based on the idea of a unit. Now in ttau. 
counting concrete objects " the mind alway* cIjoohpji 
its own unit ; it group* its object* as it pleases, and 
chooses as units the groups it has made : sometime* 
it counts by faggots, sometimes by single sticks."' 
The unit is, then, something determined not by the 
nature of things but only by the act of mind which 
discriminates thing* from each other. Objects alto- 
gether unlike in their qualities may be counted if we 
choose, just because they are alike in this one poi 



1 The Mmta of Logic, p. JB3. ' J 
' Bryant. Ed.ftHiunal VhiU, pp. 192 — IS 
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that they can be discriminated from each 
Thus, a unit is a purely abstract individual it; 
is at bottom nothing but an act of discr 
tion. Counting may be aided by the presei 
concrete objects, but it is independent of 
nature ; its elements are the mental ac 
discrimination. Hence, the constructed wb 
purely abstract ; the elements and the who 
both made by the mind itself. 

Counting is the foundation of arithmetical 
ments, and wuntin.s, I ginning with one unit, 
gradual synthesis of units by adding one at a 
and giving a distinctive name to each new 1 
But, as we have seen, all synthesis involves an; 
and the whole constructed is, by that constru 
seen as the sum of its units. It is, of course 
apprehended as a whole of a certain dt 
character which distinguishes it from other w 
It is because of these various el 1a mo tori sties tl 
arithmetical operation is an inference. "In 
cases we are given certain elements, and assert 
these elements form a certain whole. Botl 
elements and the whole must be such as to bet 
otherwise than in relation to each other, or w 
into tautology. Thus, if 8 only meant 5 + 
statement 5 + 3 = 8 would be an idle pli 
words. But 8 also means 4 + 4, 10 — 2, 4 
and I will venture to say that it also and prir 

The primarily analytic operation with numl 
that of measuring, and this also rests on the conce 
of a unit. The object of measuring is to r 
what is given as a whole to a multiplicity of 
in order to compare it in respect of quantity 
another whole similarly treated. Of course 
1 Hobhouse, The. Theory of Kjmctedge, p. 424. 
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result the whole is apprehended as a synthesis of the- 
units by which it is measured. It is unnecessary 
to pursue the subject further, our aim being only to 
make clear the character of the info 

Very few words need be added on constructions ^J^** 
of spatial relations. If we are given the definite (w»i 
spatial relations — that is, the distance and direction — 
of both A and C to E, our construction, whether it 
remains purely mental or is aided by drawing a 
diagram, makes evident the spatial relation of A and 
C. All inference from charts aud maps and plans 
is of this character. It is on constructions of this 
kind that the validity of geometrical axioms rests. 

§ 7.— As both arithmetical and geometrical con- ££315 
structions can bo immediately generalized, they have fM"*. 
an inductive aspect. Indeed, there is_ rt * a - 
suppose that "mathematics in their P™ 10 *™^* ^ 
would have a yiwm-indoctive character. * „ crete 

say, that (1) tbey would tend to deal J* 1 ™.,* th ^ T 
objects, or classes of such °kj ect3 ; n f ir , d Vpendent 
results would have the aspect " and th at 

generalizations, rules of thumb, &" « difficulties in 
(3) they would be encumbered w * tk)n3 to higher, 
rising from these first g ener ^ stl act principles, 
more comprehensive, and more «• ^ by th(j j.^ 
All these points seem to be born ^ tQ t ^ e eariy 

that is known, or probably i»* err i „ 1 The bearing of 
history of arithmetic and geom«* r * ' these subjects to 
this on the method of fcea-o* 1 * * 



children is obvious. 

1 Hobhouae, op- 
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—Inductive inference starts with particular 
facts and proceeds by it process of analysis to find 

universal relations they embody, and so 
construct a system whose nature explains them. 
The word 'Induction,' however, has been used, and, 
indeed, still is used, in more than one ae 
Aristotle confined * induction ' to generalization 
from sense -perception : " Induction begins v 
facts of personal experience and reasons backward to 
the cause or principle." 1 But such reasoning doea 
not give really scientific knowledge, the appropriate 
expression of which is the syllogism. This 
admirably put: "Nor ia it passible to obtain 
scientific knowledge by way of sense-perception. 
For even if sense perception reveals a certain 
character in its object, yet we necessarily perceive 
this, here, and now. The universal, which i 
throughout all, it is impossible to perceive; for it i 
a this-tiow ; if it had been it would not have been 
universal, for what is always and everywhere we call 
universal. Since then demonstration (science) I 
1 Ami. Pr., II, 68, b., 32. 
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universal, and such elements it is irapusutrie to 
perceive by sense, it is plain that we cannot obtain 
scientific knowledge by way of row," ' 

It ia just this establish iw nt uf universal* which 
is the aim of modern science, and it » heoonriag 
more and more usual to apply the term ' indtii-iii,n ' 
to the whole process, instead of restricting it to that 
mere suggestion of a universal by seme-perception 
which corresponds to Aristotle's use of the term. 
'Induction' in this wide sense correspond" to the 
whole method of attaining knowledge, and includes 
deductive processes. 

§ 2. — Using the word in this wide sense, the 
question is, How can the universal be found in the 
particular 1 Not by sense- perception or observation, 
as Aristotle has so clearly shown in the passage 
quoted above. The universal can only be found by 
thought, that is, by supposing the existence of a 
certain law and then testing this supposition. A* 
De Morgan tersely puts it : "A few facts have 
suggested an hyjuit/mgu, which means a rupponilioti 
proper to explain them. The necessary results of 
this supposition are worked out, and then and not 
till then, other facts are examined to see if these 
ulterior results are found in nature." 2 The main 
steps of inductive method, may, therefore, be thus 
stated — 

1. A preliminary observation of facts. 

2. The formation of a hypothesis suggested by 
is observation. 

3. The testing of the hypothesis by comparison 
its consequences with the result* of a careful 

dysis of phenomena, with modification or even 

Pod., 87, b., 28, quoted by Bosanquet, Ba. 
-. ,. 154. 
- Budget of Paradoxet, p. 6S. 
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rejection if necessary. This process is carried on till 
the hypothesis is proved, when it is more correctly 
called a Law or T/n:'iri/, according to whether it states 
one universal relation or is a wider generalization 
covering many laws. 

It is in the third step that deduction is continually 
operative, for, as Dr. Bosanquet says, "nothing can 
be more deductive than the connexion of a hypothesis 
with the consequences by which it is verified. " 1 

§ 3. — The testing, moulding, and verification take 
a more direct, or a mainly indirect, form according to 
the nature of the case. When we are investigating 
a causal sequence in which the cause is simple and 
under control, we may try experiments with it, and 
our verification is a comparatively direct process. 
Even though the cause is not under our control, yefc 
if the whole causal sequence can be observed under 
varying conditions, the process of testing and 
verification still remains partially direct. In this 
case, however, the more indirect method of de- 
ductively inferring the probable consequences of the 
cause and looking about to find if these consequences 
are really to be found in nature, will also be adopted. 
In all other cases this indirect method must be used 
nearly or altogether exclusively. "A cause . . . 
may be under control and yet be too dangerous to 
experiment with; such as a proposed change of the 
constitution by legislation ; or even some minor Act 
of Parliament, for altering the Poor Law, or regu- 
lating the hours of labour. Here the first step must 
be deductive. We must ask what consequences are 
to be expected from the nature of the change (com- 
paring it with similar changes), and from the laws 
of the special circumstances in which it is to 
el And sometimes we nnv partially verify 
1 Logic, vol. ii, p. 119. 
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our deduction by trying experiments upon a small 
scale or in a mild form." * 

When the facts with which we start are efforts, 
and the causal sequence cannot lx k olworved hut 
must be inferred from those effects, as, for example, 
is mainly the case in geologj', then the in< linnet 
method of verification is the only one available. 

1 Carveth Read, Logic, Deductive and Indurti* . p U\4. 
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§ 1. — The scientific method of knowledge starts 
with facta and continually returns Lo facts to test and 
verify its hy pot lies on. I f its supposed facts are fictions, 
the whole fabric falls to the ground. It is a funda- 
mental question, therefore, how an accurate know- 
ledge of facts is to be obtained, and to this there is 
but one answer — by exact observation. Every state- 
ment of fact rests directly or indirectly on observa- 
tion. In the former case, the only question is as to 
the correctness of the observation ; in the latter case 
we must add to this an enquiry into the competence 
and trustworthiness of the witness who records it. 
In the present chapter we are concerned only with 
direct observation. 

§ 2. — -At first sight it might seem that nothing 
need be said on this point. " Seeing is believing " 
is a proverb accepted by many as axiomatic. And, 
indeed, taken as expressing a common fact in the 
natural history of many minds, it is undeniably 
true. "We are naturally apt to believe what we see, 

rather, what we helieve we see. But the mere 

t of lielief, as has been more than 01 
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mi, ia do ^ulficient evidence of the tniili i 

raeot lielieved : ami what ii eOBUBonlj nUlid " lite 

testimony of the unset" i« by no meuit infallibly 

accurate. Kverv CBM of illusion i- *i> in»l*nce of 

this. As Aristotle long ago pointed 'ml, » (»■• 

appears double when it U placed bntw"-»i twftfl 

fingers of MM hand and then rolled abomL 

the two flat pictures in ■ 

an appearance of solidity. 

other instances could he given. 

toony of the sense* is apt to ccotrwlxt iurll "Tfct 

moon at its rising and w-ttiar iiciin W 

than when high op in the *ky "Da* '*• 1 

mere erroneous jodjOHBl , 

measure its diameter, m far from 1 

sion borne out by fa«. we actually 6*& ** ** ****** 

materially lew." ' Sor ia such fah« U*«a ai'T "* ** 

senses confined to individual experieo«av "A —V* 

and loose mode of looking at facts very aarff •**'! 

able, left men for a long time under ib« fcafcf — • 

a body, ten times as heavy as another. W 

as fast; that objects immersed in ** 

magnified, without regard to the form-'* 

that the magnet exerts an irre»»*»? 

crystal is always found associated w»*» * 

like." 2 

§ 3— The possibility of such wi 
as those of which Whewell here »■**", 
proves that men are generally *>» 
a consequence, that mere extei 
guarantee of truth. It ia n f*~_ 
vation has been made, hut 
been made, that ia the imp 
accuracy which 

1 Herschel, Diacour 

1 Whewell, Novum Orgu*"* * 
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when the observer posse-sses special skill and 
ledge. " A person may well derive, perhaps ir 
unfamiliar department of knowledge, a deg 
certainty from the affirmation of the qualified i 
fur surpassing anything he could reasonably < 
from his own imperfect or untrained observat 
Observation, in other words, is not a mere mat 
perfect sense-organs, even when these are \ 
with a concentrated attention and an earnes 
pose to observe well. Only he observes wel 
brings much pertinent previous knowledge t 
observation. "To make a perfect observer, 
llorsehel, "an extensive acquaintance is reqi 
not only with the particular science to whic 
observations relate, but witli every branch of 1 
ledge which may enable him to appreciate ant 
tralize the effect of extraneous disturbing cause 
1 § 4.— This leads us to the very essence 
matter: observation always involves inference 
the correctness and value of every inference de 
upon llii: truth and adequacy of its premises, 
by ' observation ' we mean not the mere recc 
of sense- impressions, but the selection from am 
the whole mass of such impressions of those to ' 
we will attend, and the interpretation of 
attended to. And both selection and interpret 
are matters of inference. 

When we select a phenomenon fur observatii 
disregard a great deal more than we atten 
and we assume that this 11 lis traction will not alt* 
character of what we are studying. But this ast 
lion is ,1 mutter of inference and may be error 
In the seventeenth century Sir Kenelm D»gby 
much fame by the cures of wounds wrought 1 




shall rearhlj Me thai any war af aW d 
wound would have been =*rfuL" \ Siaailart j, " today, 
the Suffolk fanner keeps (he sickle with whack- be 
has cat haneetf free from mat, so lhat the vaud 
may not fester." * Sine error, as these examples show, 

Utaj hp pitlmr in X Ti-lnfting f l ji^j^tai »^ IWgh* lo DC 

included, or in including an rnarniial thaw? which ana 
immaterial This matter of selection is, indeed, one 
of the most difficult in scientific discovery, and we 
shall have to consider it in more detail in a later 
chapter. 1 All we wish to make clear at this point \ 
is that whether an element should be includi 
important, or excluded as irrelevant, to the matter 
in hand is an inference from the knowledge which 
the observer brings to the observation. 

All interpretation is also inferential, for 
involves a reference to what is not now given 
in sense-perception. As an example lil iimhii i.ln 
the simplest possible cast — that of rei'iif-mtimi. We 
see a small yellow sphere of a certain ilsa and we. 
immediately recognize it. an mi onuij;i\ p.. nidi—, 
we are unconscious of any menial process, and M 

from the psychological point of view w ight refuse 

to call it inference at all. But it 1mm Iici-ti already 
pointed out that thu question for logic is 1.1m kind of 

1 Bitrlgttof Parade***, ft M> 

* Ctodd, Tom Tk T<,t, ,,. in. 
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evidence on which a judgment rests : if that ia a 
mental construction from whioli a result necessarily 
follows we have inference. Now, the judgment 
i orange " as an iritcrpretaiiou of the sight- 
perception wo have spoken of, can only be justified 
\ construction such as tho following — 



pearance, 
'This ia a sphere of such size 
p Therefore, this is an orange. 



pheres of a certain size and ap- 
and appearance ; 



Here tin," inferential I'liiinictcr of the evidence on 
which our judgment rests appears plainly in the 
form of a syllogism in the second figure. 1 But 
further, our conclusion carries much more with it 
than the visual qualities on which it is based. In 
calling the object perceived an ' orange ' we infer that 
it possesses many other qualities, as those of taste 
and smell and touch. And to this inference a very 
practical conclusion would be given by eating the 
orange. If we examine this second inference we 
shall find that it falls naturally into a syllogism in 
the first figure — 

Oranges are sweet, juicy, Ac, 

This is an orange ; 

Therefore, this is sweet, juicy, &c. 

Now, if these two syllogisms are examined it will 
be seen that both are formally invalid, in that in 
neither ia the middle term used universally. The 
conclusions drawn should then not be stated as 
certain but as only probable — " This is probably an 
orange " ; " This may be (or is probably) sweet." 
But it will also be noticed that the conclusion in the 
" Qf. p. 129. 
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former case is much more likely to l»e true 
in the latter, localise the signs by which I 
is classed as an orange are of a definite < 
and have been directly observed. I 
a, waxen or stone image might be I 
an orange so closely in visual appearance that it 
might deceive all but the most careful aod minute 
observers. But the teat of the other nn— u ma 
easy one to apply and is decisive. Such Trrincetif 
involves an inference in the first figure aodi M w» 
have quoted above, ami the comparison of it* coo 
elusion with a new sense-iinprettsion. 

If the inferred qualities are found to be absent, 
as in the case of the waxen or stone image, then the 
recognition from which they were inferred u rejected 
as unwarranted. This rejection, like the orffliaal 
recognition, can. be analysed into a syllogism in tl 
second figure — 

Oranges are sweet, juicy, Ac, 

This is not sweet, juicy, Ac ; 

Therefore, this b not an orangf. 

Here the conclusion is certain, as the middle term is 

used universally in the negative premise, and mi 

there ib no such formal invalidity as in the former case. 

The inference in the first step of nwqnii 
altogether implicit. Psychologically it in dua ,., ,),, 
habitual association of a certain group of 1,11, 
which we have learnt to sum up under ll,. r, Mll 
' orange,' an association so perfectly BMoIuiiIm] tbit 
the presence of one or two of thowi nu.nl.m. ■., 
immediately suggests the whole group, |j ul t ,},| H 
suggestion is vague; no one attribute in rfnglffj] mil, 
and the only thing in full consciousness beside* what 
is given in sense-perception is the name. 

If we now turn to the second Btep we sue that the 
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inference involved is *me*h»t nearer to being made 
explicit. From certain visual appearances we 
infer the presence of aome definite non-visual 
quality or qualities, and we do so on the ground of 
their common inherence in the object we hare recog- 
nized. There are, therefore, two chances that our 
conclusion is not true : for the act of recognition 
may be unjustified, and, even if it is justified, our 
major premise may not be universal when we believe 
it to be hl The young child, for example, with ex- 
periences of only sweet oranges, would doubtless expect 
with the utmost confidence that any fresh example 
of orange would also be sweet ; the adult would know- 
that this is open to considerable doubt, and would 
take for his major premise only the limited judg- 
ment " Some (or most) oranges are sweet." Now, 
when the child has his first experience of a sour 
orange, another conclusion is forced on him, and 
this also can find its justification in a syllogism, 
this time in the third figure — 

This is sour, 

But this is an orange; 

Therefore ; oranges may be sour. 

Thus he proceeds to make his knowledge more 
exact and definite by forming sub-classes in his pre- 
viously wide and vague class ' oranges.' ' 

The analysis which we have here applied to a very 
simple example holds true of every case of sense- 
perception. It shows that even in sense-perception 
we have all the essential features of the inductive 
method. The original recognition —liable to doubt, 
an we have seen it 
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gested by a first observation of the facts ; then 
follows the inference of the results of tlut hypothe- 
sis, the testing of those results by further senso-ex- 
oerience,and the consequent verification, modification, 
or rejection of the hypothesis. The moat complex cue 
of induction only contains the same steps, carried out, 
however, with infinitely greater difficulty and with 
infinitely greater liability to error, because the 
matter dealt with is infinitely more complex. 

Our analysis Bhows also that the possibilty of error i 
in observation is due to the inferential character of 
the process, whilst the fact that tbe inference ii ! 
largely unconscious renders it easy in ca-es of any ' 
considerable complexity for erroi 
detection. But our analysis has alio made it plain 
that inference enters into the prncem in varying 
degrees ; there is less of it in the simple recognition 
than in the conclusion from that recognition that any 
particular quality, such as sweetneaa, will he found. 
Now it is evident that thia second af-p may be 
developed to an}' extent, and may extend to conclu- 
sions which cannot be immediately tatted by tbe 
senses. It is here that ordinary convention draws 
the line between 'observation ' and ' inference.' 
So long as we remember li*at oWrvaUtm itself 
involves inference, this dwlincti<#i »» • ntefnl one. 
Suppose that, having recognined tb* "*| n ^V I 
the conclusion that it had been V^'Jf 
that would obviously b 
would seem simpler than f' 
observation and inference in 
Yetn 
" Not o 

i what he saw 
inferred." l The reason an**^ "■"* '* 

■ liobnousc, The Tkt*% <-/ it*** 4 *- *- 1 
«. J 
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is that psychologically such an inference as that the 
orange came from Tangiers, and such a judgment as 
" the orange is probably sweet," vest on evidence of the 
same sort, that is, evidence drawn from the previous 
knowledge of the observer. Logically, there is the 
diU'ereneo that the latter deals with something which 
is directly given and so can lie immediately tested by 
sense-experience, whilst the former asserts what is 
not so given and cannot be so tested. 

An illustration of our point may be drawn from 
Dr. Conan Doyle's ideal embodiment of the powers 
of precise observation and accurate inference, Mr. 
Sherlock Holmes. In the introduction to The 
Sign of Four his ingenuous biographer, Dr. Watson, 

" 'You spoke just now of observation and deduction. 
Surely the one to some extent implies the other.' 

' Why, hardly,' he answered, leaning back luxur- 
iously in his arm-chair, and sending up thick blue 
wreaths from his pipe. ' For example, observation 
shows me that you have been to the Wigmore Street 
Post-office this morning, but deduction lets me know 
that when there you despatched a telegram.' 

' Right ! ' said I, ' Eight on both points ! But I con- 
fess that I don't see how you arrived at it. It was 
a sudden impulse upon my part, and .1 have mentioned 
it to no one.' 

'It is simplicity itself, 1 he remarked, chuckling 
at my surprise — 'so absurdly simple that an explan- 
ation is superfluous ; and yet it may serve to define 
the limits of observation and of deduction. Observa- 
tion tells me that you have a little reddish mould 
adhering to your instep. Just outside (lie Wigmore 
Street Office they have taken up the pavement and 
thrown up some earth, which lies in such a way that 
t is difficult to avoid treading in it in entering. The 
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a mass of uiifoiuide.1 belief, the observation is vitiated 
by bias and prejudice. The danger of not keeping out 
this element of error is one against which only the 
trained uiind is on its guard. The savage interprets 
all his experiences in accordance with bis superstitions, 
and so finds his false beliefs everywhere confirmed by 
his observations. His cattle sicken and die under 
-Che influence of the "evil eye'' unless he can get a 
stronger counteracting charm thrown over them. In 
these more civilized times men still believe in dreams 
i omens, and support their belief by instances they 
i observed, dwelling on a few cases of more or 
i close resemblance between a dream and some 
allowing event, and ignoring the enormous number of 
which the dream does not " come true." 
Even the scientific enquirer finds it hard to observe 
quite fairly facts which make against his pet theories, 
i § 6. — The dependence of observation on previous 
knowledge is brought out yet more clearly when 
observation is aided by scientific instruments, which 
all embody whole systems of knowledge. The 
accuracy of observations made with such instruments 
depends on the knowledge which produced the 
instrument as well as on that in the observer's mind. 
And that these are related to each other is shown 
by the fact that only skilled observers can really 
make use of very delicate and complicated instru- 
ments. 

§ 7.— Most strikingly of all is the dependence of 
observation on previous knowledge brought out 
when the observation takes the form of what, is 
known as an experiment, that is, is made under con- 
ditions determined by the observer. Tho selection 
which, in ordinary observation, is merely mental is 
s made physical as well. The object of this 
ctiun is to omit all elements which have no 
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BUnuacti on the phenomenon to be observed, ami to 
return, in known illations to each other, all those 
that have such influence. An error will vitiate tbi 
whole result, and the history of tcieoee is full of 
of erroneous conclusions due to Mm 
presence of unsuspected conditions which modified 
the phenomenon observed. It is evident, then, (hut 
no one can really experiment who has not extensive 
knowledge of the kind of phenomena he is dealing 
with. "Whether he himself arranges the pbj tied 
conditions is immaterial ; the essential thing is that 
he mentallydetermines those conditions, "Manipu- 
lation of the externa] world is not of the essence of . 
experiment, which simply consists in selection and I 
the purpose to observe, usually implying and result- [ 
iag in precise knowledge of the conditions." l 

The advantages of experiment over mere observa- 
tion are its greater definitenesa and its subjection to 
control. When we can experiment we can observe 
when we will, without waiting for nature to present 
08 with a specimen of the phenomenon we wish to 
Mndy, and thus investigation can go on continuously 
sad systematically. Again, when we have the condi- 
tions under our control we can vary them at pleasure, 
and systematically observe the results. In many cases, 
without experiment the knowledge we now possess 
would never have been attained. Many natural 
processes go on so slowly and gently that they escape 
observation. As Lavoisier remarked, the decom- 
position of water had been going *>" *™* ^nce the 
beginning of the world, but had never been observed 
before the experiment* of Cavendish and lii mse lf 
brought it to light. But experiment is not al wayH 
possible. When the proces* <* >* '"^gated goes 
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on very slowly experiment is out of the question. 
The geologist^ for instance, cannot experiment on the 
nature of the forces which have made the earth's 
crust what it is, nor the biologist on the evolution of 
species. 
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obscrvation need not remain testimony, and s 
not detain us. Bat we must enquire what testa < 
accuracy it is possible to apply to testimony whi 
can never be thus superseded 

S -. — The only testimony of this kind 
facts which cannot be again observed. But, as t 
testimony itself records an observation, it might b 
thought unnecessary to say anything further abc 
it, and to regard it as simply observation at si 
hand. This, however, would neglect the facte 
reception of the testimony. When a piece of I 
mony is offered, we may either accept it, reject i 
or remain in doubt about it. In the two former ci 
we mako a judgment as to its truth or falsity, i 
every such judgment rests on what seems to us 
sufficient evidence. In the last case we judge that the 
evidence available is not sufficient either to sustain 
or to destroy the testimony. In every case, then, 
we analyse and criticize testimony offered us, and 
such analysis and criticism is similar in character to 
the inference involved in the analysis and criticism 
of our observations, the difference being that it is 
exercised on judgments made by others instead of on 
facts forming the material of our own judgments. 

As with observation, so with the reception of testi- 
mony, absence from bias and adequate knowledge 
are essential if the testimony is to mean anything to 
us, and to be fruitful in our hands. Indeed, owing 
to the dependence of the meaning of words and 
sentences on their context, the danger of reading 
into testimony what is only in our own minds is 
even greater than .that of falling into the correspond- 
ing error of confusing inference with observation. 
The more remote from our own experiences are the 
events with which the testimony deals, the more 
difficult is it to avoid misinterpretation. This is 



156 THE LOGICAL BASES OS EDUCATION chap. 

the record shall be both full and precise. This is 
the ideal towards which in other departments of 
knowledge only an appro xi ma tin n is possible. 

In history and in common life the only testimony 
available is generally that of the ordinary 
eye-witness, and is more or less vitiated, not 
only by some or all of the faults of observation, but 
by confusions due to lapses of memory, which are 
supplied, often without the consciousness of the wit- 
ness, by inference or by the play of the imagination, 
and sometimes even by deliberate fabrication. " The 
evidence which has been adduced for clairvoyance. . . . 
would have hung a hundred men, but before the tri- 
bunal of science it is as nothing." * Even in the law- 
courts where the testimony of the ordinary eye-wit- 
ness is sifli.'il in a way impossible in most other depart- 
ments of life, the standard of acceptance is much lower 
than in science. And this lower standard is 
necessary, for in ordinary life we have to act on 
reasonable presumptions ; were we to demand 
theoretical certainty in every case, life would 
stagnate. " You cannot leave practical matters 
open, to all eternity, as you can matters of specula- 
tive truth." 2 

But though we cannot in most cases wait for 
absolute proof before accepting testimony, yet we 
must have some reasmiahle ^uanuitee of its accuracy. 
Now, when a statement is false it may evidently be 
so either with or without the knowledge of him who 
makes it ; a man may intentionally say what is untrue 
or may simply lie mistaken. The questions as to 
the trustworthiness of the testimony fall then under 
the two general heads of the good faith and the 
accuracy of the witness. The former of these is of 
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sincerity ' is the appearance of conviction ; an orator, 
an actor, an habitual liar, will put more of it into bis 
lies than an undecided man into his statwnent of 
what he believes to be the troth. Energy of 
affirmation does not always mean strength of con- 
viction, but sometimes only cleverness or effrontery." 3 

However, in unsupported teatim 
of sincerity is important. Wo most then consider 
whether any of the genera] conditions which cause 
men to lie are likely to be operative in this cane. 
We must ask whether falsehood would appear to 
bring any personal advantage !■■ thB witness, whether 
he is likely to be swayed by fear, vanity, sympathy, 
antagonism, the desire to please, or the wirfi to 

astonish or amuse. We should beinoli 1 to stuped 

all rhetorical flourishes, all dramatic detail, especially 
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imagination of the author when he is sincere, or his 
impudence whan he is the reverse." 1 
j>. Granting the good faith of the witness, wo must 
yet accept a narrative as true only when it endures 
certain critical tests. The main points to be considered 
/are connected with tlio competence of the author as an 
observer and as a witness. ] The essentials of a good 
observer were dealt with in the last chapter. In 
enquiring whether our witness possesses the general 
prerequisite of freedom from bias, we must consider 
what sort of prejudices would be likely to influence 
him, such as those common to his condition in life, 
state of culture, country, and epoch. Especially is 
this important in estimating the value of testimony 
of old writers to the miraculous and extraordinary. 
Often an examination of a writer's works will show 
his dominant superstitions, bias, and prejudices, and 
any statement in which these play a part must be 
discounted accordingly. 

"We must next consider the competence of the 
witness as an observer of the particular facts he 
records. And here, in addition to questions as to 
his general competence in observing facts of the kind 
in question, dependent on his special knowledge and 
his power of distinguishing between observation and 
inference, we have to enquire whether he was in a 
favourable condition to observe those particular facts. 
The modern newspaper reporter sometimes writes 
detailed accounts of meetings he has never attended, 
and ancient and modern historians have embellished 
their pages with scenes equally dramatic and equally 
imaginative. When the scenes recorded are com- 
plex, much of the detail must be matter of imagina- 
tion, of inference, or of the report of others. For 
to Ike Study of 
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example, when a general record* hia campaign* and 
his battles it is evident that but a small part of his 
testimony ■ ti-hIIv bwad on his own 111 WW UlilllW 
Similarly, when a fawtoriu relates events which O0CU- 
pied ]'■■ 't", or describes etMtotM ud 

movements which were common over a wide 
of country, he derives much of what he ntatei frutn 
others. In all such cases, therefore, a large part of 
the testimony which is ostensibly given u* by one 
M is really supplied by an unknown host of 
collaborators, whose good faith and competence we 
have no means of judging. 

But competence as an observer does not always 
implv competence as a witness. .Some people seem 
to be constitutionally unable to make an accurate 
statement. " They are subject to ' chronic inac- 
curacy," a disease of which the English historian 
Froude is a typical and celebrated case. Froude 
was a gifted writer, but destined never to advance 
any statement that was not disfigured by error ; it 
has been said of him that he was constitutionally 
inaccurate. For example, he had visited the city of 
Adelaide, in Australia : ' We saw,' says he, ' below 
us, in a basin with a river winding through it, ft 
city of 150,000 inhabitants, none of whom has ever 
known, or will ever know, one moments anxiety as 
to the recurring regularity of his three meala a day ' 
Thus Froude, now for the facts : Adelaide i s t ujlt 
on an eminence; no river runs through it; when 
Froude visited it the population did not exceed 
75,000, and it was suffering from famine at the 
time."* Of course, such general in-oourtc, in 
modern writer is nearly certain to b econrie fc 
but frequently there is no "^""^K h Uw £' 
..^-twriters suffere 4 from the same d, Heaae _ 
» Lsngloi* and S«ig>»» boe - "*■ *■ P- 126. 
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Probably, however, the most frequent cause of in- 
accurate testimony on the part of competent obser- 
vers is lapse of memory. We nil know that memory 
plays us strange tricks. Details drop out, and we fre- 
quently unconsciously fill the blanks by constructive 
imagination and inference. Or xve look at the past 
through spectacles coloured by our personal feelings of 
sympathy and antagonism. We are apt to attribute 
to ourselves the actual utterance of the repartee or 
witticism that lias occurred to us later as appro- 
priate to the occasion, and we are constantly liable 
to misconstrue our own motives of action and to 
assume as facts the motives we have attributed to 
others, and from those assumed motives to infer the 
reality of certain conduct. Indeed, if it is difficult 
to distinguish inference of the absent from observa- 
tion of the present, still more hard is it to separate 
inference of the desirable from memory of the actual. 
It is for these reasons that memoirs are so frequently 
distrusted liy historians, and that without any reflex- 
ion on the good faith of the writer. To guard against 
these dangers, science demands the immediate record 
of all observations which are to be offered as testi- 
mony to other workers, 
i § 4. — It follows from the above that a good deal 
must be known about a witness before his testimony 
can be received as at all conclusive evidence to any 
fact. When a statement is made anonymously these 
tests cannot be applied. Hence, no rational mind 
attaches any weight to anonymous letters, for all that 
is known of the writer — that he has some reason 
for concealing his identity, and generally wishes to 
injure another person secretly— makes against his 
good faith, and leaves his competence a matter of 
speculation. 

This difficulty of anonymity ia very great in hia- 
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torv. TTnleas it can be decided who tnadr a certain 
statement, and when and where it w*« tnnd<\ thi- 
testing of the competence of the witness become* 
impossible. In modern books these poinU are 
usually decided by the title-page, or by other internal 
evidence, thougheven that cannot l>e held to be decisive 
as to authorship. Eiton BasUike claims throughout 
to be the work of Charles I, though it. is quite 
certain that it is nothing of the kiwi. In the owe 
of earlier writings, the question of au thorship is often a 
very difficult one to decide. We all know that, 
in spite of the evidence of the original title-pages, 
valiant attempts have been made to prove that Lord 
Bacon wrote the plays attributed to ShakeapMre. 
Without yielding to this wholesale scepticism as to 
our great dramatist, yet it is certain that some 
passages in his works are not by his hand, mid 
only criticism can decide which these are. This 
criticism U based partly on the evidence of other 
writers, but mainly on peculiarities of style and of 
structure brought to light by internal examination of 
the test itself. By similar testa the approximate 
dates of the different plays are determined. 

With ancient documents such a criticism is 
even more necessary. Of old writing! then un- 
usually only copies extant, and these frequently the 
work of ignorant, scribes, full of errors, and often 
with forged passages interpolated in the text. Such 
errors and additions can only be eliminated by critical 
comparison of independent documents, that, is, of 
documents which are not copies of the same copy. 
The great principle in deciding independence in 
that common errors may l>e assumed to have a. 
common origin. "It is inconceivable that several 
copyists, independently reproducing an original 
free from errors, should all introduce exactly the 
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same errors ; identity of errors attests communi 
origin." 1 

§ 5.— All corroboration of testimony, indeed, 
be of value must be independent. The 
recognizes this, and refuses to accept mere hearsay, 
or inference, or evidence which is shown to be the 
result of collusion. Cross-examination is the most 
powerful weapon for detecting fal silica t ion, as well 
as for separating observation from inference and 
hearsay. When false testimony is manufactured it 
is apt to be too consistent with itself and more or 
less inconsistent with known facts. As to the first 
point, it is a commonplace of human nature that no 
two persons ever give from memory identical accounts 
of any event they have witnessed in ordinary life ; 
thus, teo precise an agreement in details between 
Witnesses suggests collusion rather than truth. That 
corroboration is the most above suspicion which 
agrees on the main points, but not on all the details 
of accompanying circumstances. Such concurrence 
of testimony receives additional strength when it is 
evident that the different witnesses have conflicting 
interests, or opposed sympathies, in the matter. 

With regard to the second point, it is very unlikely 
that a manufactured story should take account of 
all the facts it may be brought into relation with, 
and it is in testing it by such facts that a cross- 
examiner shows his skill. Crass-examination is, then, 
a valuable process of sifting the true from the false 
in oral testimony, though it has its owu peculiar 
danger. A question nearly always suggests a certain 
kind of answer, either by its form, or by the context 
in which it occurs, or by the manner and tone of the 
questioner. This suggestion acts unconsciously on 
the mind of the person questioned and tends to 
1 Langlois and Seignobos, op. fit., p. 81. 




deception lu a minimum If the author had iwna 
ceivable motiie to lie, or if the fact — tr ia d was in 
itself so prominent as to nuke detection of faWhoad 
certain, or was in opposition to the writ**-"* known 
prejudices and withes, then we may accept the reoxd 
as being as near certain truth as the nature of th-* 
case will allow. 

Host historical testimony, however, itself rest* on 
<>ur aim U to get back to the record of 
the original observer; bat this is very often impos- 
sible. Now, if the testimony is simply passed on 
through a chain of witnesses, fresh chances of error 
are introduced at each link, and each socceanre 
witness is of less worth than his predecessor ; the 
longer the chain the weaker the evidence of the last 
link. This is the case with documents rnfiifd ana 
from the other ; each reproduces the errors of ita 
predecessors, and probably introduces some new ones 
of its own. But this liability of error is enormously 
increased when the testimony is oral. It is a well- 
mown parlour game, but one which well illu«tra(«r. 
■ point, to relate secretly a written story to the 
rst of a ring of people, who similarly posses it on 
icond, and so on, till the last tells tlio story 
better still, wriles it and reads it 
comparison of this last version with th< 
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will be instructive to those who are disposed to accept 
alt testimony given in good faith as certainly true. 

When oral tradition passes on from generation to 
generation the variations become more marked ; yet it 
is in this legendary form that the earliest history of 
all peoples comes down to us. Quite evident is it 
that we are unjustified in fit'cepting any such legends 
as true; they may contain some truth, but it is cer- 
tain they contain much error, and there are no means 
of sifting the true from the false. As Niebuhr says, ' 
a legend is " a mirage produced by an invisible object 
according to an unknown law of refraction." * 
Legends embody a people's ideas, but cannot be 
appealed to as records of facts. 

In other cases, however, the testimony of various 
witnesses support each other, either directly by 
recording the same fact independently, or by one set 
of witnesses testifying to the credibility of others. 
"In the acceptance of Livingstone's accounts of the 
countries through which be passed, are not the 
relevant grounds in part the esteem in which he was 
held by his contemporaries, coupled with their cre- 
dentials ; in part the credentials of the societies 
and other media of record and publication through 
which his work has in successive stages come to the 
individual reader 1 If I submit myself to the knife 
of the surgeon, how have I assured myself that 
he will do the right thing, unless by relying upon a 
complex tissue of testimony as to the professional 
ability of a large number of persons J" a 

§ 6. — One last point must be noticed, and that is 
the danger of inferring from mere absence of testi- 
mony to non-existence in fact. Even in the present, 
absence of observation does not prove absence of 

1 yiiulcil l.y Laiiglnis anil .Si-icnobop, op. fit., p. 182. 
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existence. Even,- scientific dueovery is, indeed, te*li 
tnony to the contrary. Within tin* last few yearn, 
for instance, several gases whnr-c c\i 
viou sly been unsuspected even by scientific experts, 
Lave been discovered in the atmosphere. A state- 
ment should be accepted on negative evidence only 
when the most careful precautions have been taken 
"o secure the greatest possible completeness of that 
b. Darwin established on negative evidence 
lat certain orchids secrete no nectar, but he only 
accepted the conclusion when he had observed the 
plants in question under every variety of circumstanco 
t could affect the result." 
Still more dangerous is it to infer that an event, 
never occurred in the past because no record of it 
now remains. To render this probable we must 
have grounds for knowing that no such record ever 
"1 exist, and that the event would certainly have 
unrecorded had it occurred. This much narrow* 
■ scope of the inference. When an 
1 to give a systemati 
may assume that any J** 5 * 

o ./. .- i- ■ V Mist if tlwit fatl was 8Ucn 
s not mention did not exist, * 

-t it c«ld not bare ^^Z^Zlj 
•M »d »■« have been ^^"^ ££ 

nent Ik, his record. I" aU ^ i 
..pend j.dgwn. an,i confc«» ^ ^ 

1 Qf,, Darwin, Fertili--' 1 " ' OJ 
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CHAPTER XTII 



HYPOTHESES 



1. — All reception of facts, whether by o 
' tion or from testimony, challenges the mind t 
them into a system by relating them to each c 
and to the totality of knowledge already p 
The answer to this challenge is a hypothesis, ( 
supposed relation suggested by the facts themselve 
The likelihood of such a, supposal being true is, a 
course, largely dependent on the knowledge of the 
mind that makes it. The savage assumes magic and 
supernatural agency where the scientist looks for 
natural causation. All attempts at the organization 
of facts into knowledge proceeds, however, by way 
of hypothesis. Even simple recognition of an 
object is of the nature of hypothesis, though in 
most cases verification is immediate. 1 In ordinary 
life we are always making hypotheses. I go to 
catch a train, and I act on the hypothesis that the 
railway service is uninterrupted ; I sib down to 
write this chapter guided hy the supposition that my 
mind will follow a certain consecutive train of 
thought. These are hypotheses, for they are not 
1 Cf. pp. U6-147. 
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lilway service, and the state of une'i hraltb or nat 
rerful disturbing i in ■ajwlum may tender eao- 
rathe thought impossible. 

Every supposition, then, aa to the relation* J 
s a hypothesis, whether It n made in ordinary 
But ■ 
q other thought only in iu | 
e and uses of hypothec* will be' beat rtwhed 
i connexion with scientific e vwplea It may be 
!, indeed, that the special work of aeienee U the 
esting and verification of hypoU wwa e, lor, a» 
" sche! says, " We moat never forget U m fwi»- 
iples, not phenomena — the int er pret i t in n . o«* the 
b knowledge of facte, — which are the utijeeta of 
iquiry ha the natural philosopher." ' 

" -Hypotheses are suggested by fac ** ~J i 
they may be suggested in an indefinite namber t* 
ways. No rules can be given for forming "****! ***~ 
not every enquirer is equally prolific in ■yi^"™ 
*«. i- ™l »irtieae»> ** *""»-. 
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above all else hy an insight int*> tbe 
things at which the ordinary ■***** , *L* • 
ledge can only wonder. In «*»■ 3»> 
scientist, like a poet, ia " bom, no ^ ^. p bu„ \^ 
inventor of hypotheses, if P 1 "^ 6 *^ Colborn «" 
method, must answer as ***** n eoua calcula 

asked for his mode of " ist * nt i > , .thered for ■ 
When the poor boy had bee" ^ t in a buff, ' 
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means nothing to the onP rep ■ ■ ■jiaftri l*fr 
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a far-reaching hypothesis to the mind which is store* 
with appropriate knowledge and governed by an 
appropriate interest. Thus the common experience! 
of fulling bodies and of the motions of the i 
suggested to Newton the groat theory of gravitation 
Some discoveries, it is said, are made by accident 
but such accidents only happen to those who an 
prepared to interpret them. Many crystals hac 
been broken in the world before the accidents 
fracture of one suggested to the physicist Haiiy the 
laws of crystallization. 

As science advances, more and more discoveries are 
due to attempts to explain small deviations between 
observed facts and established laws. For example, 
the planet Uranus was observed to deviate from its 
calculated path, and to account for such deviations 
the hypothesis was formed that a hitherto unknown 
planet revolved round the sun at a still greater 
distance from it than Uranus. From the observed 
positions of Urami3 the position of this supposed 
planet was calculated. Search with the telescope 
in that direction proved the accuracy of the hy- 
pothesis, and the new planet was named Neptune. 
In quite recent years an investigation suggested by 
a small unexplained difference between the weight 
of nitrogen obtained in the chemical laboratory and 
the gas which bad hitherto l>een supposed to be 
pure nitrogen in the atmosphere, led to the di 
covery of argon. Many other instances could be 
given, but these are sufficient to show that in such 
oases not even the problem could suggest itself to a 
mind not conversant with the advances already made 
in the appropriate branch of knowledge. 

§ 3. — Hypotheses, then, are suggested by facts to 
the mind prepared to interpret them. It does not 
follow, however, that the greater the number of 
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conditions. Thus our generalization is the immediate 
result of our construction. 1 But with concrete objects 
wo cannot do this so thoroughly. In chemistry, it ii 
to some extent possible. So long, for example, as Uu 
chemist means by ' water' nothing but absolutely pure 
water, what he finds true of one drop he can aP 
to be true of every other drop, But the actual 
water in nature contains all kinds of impurities in 
very various amounts, and it is very difficult to get 
a pure case even here. It is, then, because nature 
only presents us with relations in "a tangle of 
many threads which science has to unravel" 2 
we mast resort to hypotheses. 

This resort, however, has its own dangers. Having 
guessed at an explanation, the mind naturally wishes 
to find it true, and thus there is the danger of bias 
in observing facts which bear on the hypothesis — 
the attitude of mind expressed by the saying, "if 
the facts do not agree with the theory, so much the 
worse for the facts." As Jevons truly says, " it is 
difficult to find persons who can with perfect fair- 
ness register facts for and against their own peculiar 

Nor is this the only danger. To infer the conse- 
quences of a hypothesis is generally a task of no 
groat difficulty, whilst the careful testing and verifica- 
tion of a hypothesis by analysis of facts is laborious 
and often both difficult and tedious. There is, then, 
a temptation to be satisfied with the former process, 
and when this is yielded to, the result is the con- 
shiK'liuii of ilabonite systems of the universe out of 
1 relation to fact It is this tendency to substi- 
tute guess-work for real investigation, and imagination 

1 Of. p. 132. 

' Hobhouee, The Theory of Knonledge, p. 328. 
' The Principles of -Science, p. 403. 
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(or observation, which has made the ordinary ' |>nw 
tica.1 man' so suspicious of what he calls ' theory, ' 
and so fond of con traa ting it with ' practR'fV and of 
t-ellin y: us than "an ounce of (act is worth a ton of 
theory." No doubt thk is so if the 'fact' 
and the ' theory ' false, but between true theory 
and real fact there is no opposition at all. 

§ 4. — The formation of a hypot lv=iis, then, tnuat Tut; 
not bo taken as the establishment of n truth. All ** 
hypotheses must be held subject to revision, to 
modification, even to rejection, should further know, 
ledge of fact demand it. For though it is true 
that one single case is seldom sufficient to establish 
a hypothesis, it is equally true that one single fact 
which can be shown to be really in coutradic 
to a hypothesis overthrows it. Tndeed, it is ( 
paratively seldom that the first hypothesui suggested 
vo the mind is the true one. Kepler records that 
lie tried and rejected nineteen hypotheses before 
he hit on the laws of the motions of the planets 
round the sun. Similarly, in the discovery of argon 
two hypotheses were tried and rejected before the 
third one — that a hitherto unknown element e 

tmosphere — was found to be verified by the 

False hypotheses, as well as true ones, are suggested 
>y analogies between the new facts and facts whose 
relations are already known. It is the extreme 
complexity of nature which makes a plurality 
of hypotheses possible. Sometimes several possiblo 
hypotheses occur to the mind at once, at other times 
they occur successively, and, it may be, at long in k-rvals 
of time. But whenever they occur, scientific hypo- 
theses are always grounded on some characteristic of 
the facts : they are never mere random guesses. 

| 5. — Because a hypothesis is finally rejected [i 
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does not, bowerer, follow that it has been worthing 
science- It may, ia i 
fairly accurate description of the per 
facta with which it dealt. "Although t 
doctrine is now known to be framed on 
extravagant estimate of the true place of t 
the scheme of the heavens, yet the a 
movements of the celestial bodies are accounted : 
by the theory with considerable accuracy-" 1 

Often a hypothesis is of a merely de 
character, and is a more or less figurative way 
expressing some abstract relation whose cone 
terms are really unknown. It was, in this way, 1 
customary to speak of tbe "electric fluid," thou 
tbe existence of a material "Quid " was not impli 
because the rapid and easy motion of a fluid was I 
nearest analogy to the known action of electrici 
In a similar way many scientists for a long time 
regarded the atomic theory, which plays so large 
part in modem chemistry, " as a kind of symbolism 
by which different chemical elements could be char- 
acterized, their compounds described, and the actual 
weights practically calculated. . . . Although .... 
chemical research was governed all through the 
century by the atomic view of matter, it does nob 
appear that philosophers considered the existence and 
nsefulness of chemical formulse as a proof of the 
physical existence of atoms, or of smallest indivisible 
particles of matter, in the oldersen.se of the theory."' 

Often hypotheses are put forward as mere working 
Hf/pathaM, that is, guides to further enquiry. "" 
a complex mass of phenomena is before us for a 
we must begin sompwhere in our task of disenta 

1 Boll, Story oj the Heavens, p. 6. 

■ Mora, ffintori/ of Eiirr<fif.'ii> Thought in the N~inetee 
Century, vol. i., pp. 17—20. 
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terous supposition." * But when Copernicus took the 
second great step of denying to the earth that 
central position in the universe which for centuries 
had been assigned to it, a complete revolution in 
men's systems of knowledge was demanded. Nor 
was this revolution confined to astronomy, for the 
belief that the earth was the centre of all things had 
naturally exercised a considerable influence upon 
man's conception of his own importance, and theae 
flattering ideas must now be considerably modified. 
Soon after the announcement of the Copernican 
hypothesis the invention of the telescope enabled 
men to enormously increase the number of facta 
which a true theory of the heavenly bodies must 
explain. Tt was the opposition between these facts 
and the Ptolemaic hypothesis, and their agreement 
with the Copernican hypothesis, which finally decided 
between these rival explanations. 

§ V. — So, in every case, it is fact alone which can 
decide between rival hypotheses. A fact which is thus 
decisive in that, at one and the same time, it disproves 
one hypothesis and confirms another, is called a 
Crucial Instance, and an experiment which exhibits 
such an instance is a Crucial Experiment. " Thus 
the phases of Venus, similar to those of the moon, 
but concurring with great changes of apparent size, 
when discovered by Galileo, presented a crucial 
instance in favour of the Copernican hypothesis, as 
against the Ptolemaic, so far at least as to prove 
that Venus revolved around the sun inside the #rbit 
of the earth." 2 

The history of science contains many beautiful 
examples of crucial instances and experiments. Some 
of the most interesting were experiments designed 

i. 217. 
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through it, experimenters were able to show that 
light does move more slowly in glass than in air." 1 
Other crucial experiments also supported the undu- 
latory theory and negatived the corpuscular, so that 
the former may now be regarded as completely 
established. 

1 Jevons, The Principles of Science, p. 521. 
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ire is meant than that they have no necessary 
vith each other. One of the greatest 
difficulties of the search after knowledge is to 
distinguish between such coincidences and real 
connexion. It is the latter that is always suggested 
by a hypothesis, for only on the basis of necessary 
connexion can a universal relation be asserted. But 
even when an observed relation is really the ex- 
pression of such a connexion, yet that relation may 
not always occur, for its expression in fact may be 
frustrated by the presence of other relations, them- 
selves equally universal. Particular occurrences are 
all due to the combination and inter-action of 
universal relations which may support or hinder 
each other. Hence, the non-recurrence of a relation 
once observed is itself a fact to be accounted for by 
reference to other universal relations. In other 
words, the ground of a negation is equally universal 
with that of a positive relation. 

§ 2. — From the beginning of life the mind has a 
tendency to generalize its observations on very in- 
sufficient evidence. This merely means that there 
is at first no conception of the infinite complexity of 
reality and of the enormous number of conditions 
which may interfere to modify or hinder the ex- 
pression in fact of a given relation. This tendency 
to generalize is both helper! and guided by the use 
of language. Certain instances are observed to 
agree in possessing a particular attribute, or in acting 
in a certain way ; and the direction in which this 
observed relation is generalized, and the extent to 
which that generalization is carried, are determined 
by the general idea, or concept, under which the 
observed instances are thought. For example, copper 
i iron are observed to expand when heated ; and 
> mind tends immediately to generalize that 
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relation. But whether the generalization suggested 
is, that 'metals' expand when subjected to heat, or 
that ' solids ' bo expand, depends upon which of thone 
general ideas occurs to the mind. So, in every caw, 
what hypothesis ia actually suggested it determined 
by the conception under which tin' ijM,.in. , m-,. 
thought. Here comes in the first great difficulty in 
an inductive enquiry. All particular instances can 
be thought under an indefinitely large nunilier of 
general ideas, some of which are represented in 
language by separate names, whilst others are not. 
Those so represented naturally occur to the untrained 
mind first, and those represented by nouns substan- 
tive, first of all. But the idea covered by such words 
is always of a very concrete and complex character, 
whilst every relation ia abstract, in that it is 
determined, not by the whole concrete nature, implied 
by the name, but by some special dement ln that 
nature. A hypothesis, therefore, guided by a common 
noun will never explain the relat.on, and indeed 
■it F - „,.iiv • it only give* the 
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occurs to the untrained mind is to attempt to 
examine every case of S. Tliis is whut is meant by 
Induction, by Simp!*; Enumeration, of winch Bacon 
truly said it "is a puerile thing, and concludes 
uncertainly, and is exposed to danger from any con- 
tradictory instance." ' In all cases of the slightest 
importance it is evident that the examination of 
every instance is an impossibility. But even were 
it attainable the result would not be the establish- 
ment of a true universal relation. For it is only 
when a necessary connexion of content is shown 
that a relation can be allirmed as absolutely univer- 
sal, and a mere summation of instances deals with 
nothing but their numerical aspect, and no ground 
of necessity can ever be found in simple counting. 

§ 3. — We must, then, regard this step as only a 
first preliminary to the selection of a more exact and 
abstract general idea under which to think our 
instances. To find this we proceed lo analyse them 
till we detect some element which seems to us a 
possible ground of the observed relation. This takes 
us to the form of argument known as Analogy, where 
the selected element naturally becomes the predicate 
in each of our premises and the inference falls into 
the second syllogistic figure — 

P possesses the character M, 

These instances of S also possess the character M ; 

Therefore, these instances of S may be instances 
of P. 

Again we Bee that no certain conclusion can be 
drawn, because our middle term is not distributed in 
either premise. Our conclusion is still, then, only a 
hypothesis, but it is a hypothesis having a greater 
probability than at the end of the first step, because 
' 2fbmm Oryanum, bk. i., § 105. 
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sequence on each other, and the conclusion is 
regarded as certain. Now, no conclusion from mere 
analogy, as we have seen, can be certain, but in this 
particular case it ia doubtful if it is even of any 
great strength. As Burke well put it : "I am not 
quite of tbe mind of those speculators who seem 
assured that necessarily, and by the constitution of 
things, all states have the same periods of infancy, 
manhood, and decrepitude, that are found in the 
individuals who compose them. Parallels of this 
sort rather furnish similitudes to illustrate or to 
adorn, than supply analogies from whence to 
reason. The objects which i 
forced into an analogy are not found i 
classes of existence. Individuals are physical beings 
subject to laws universal and invariable. The 
immediate cause acting in these laws may be 
obscure : the general results are subjects of certain 
calculation. But commonwealths are not physical 
but moral essences. They are artificial combinations, 
and, in their proximate efficient cause, the arbitrary 
productions of the human mind. We are not yet 
acquainted with the laws which necessarily influence 
the stability of that kind of work made by that 
kind of agent." 1 

Nor should very considerable differences in out- 
ward appearance lead to the assumption that there 
is no hidden, but essential, identity. Dr. Wallace 
gives a most striking instance, in which not only the 
common observer but even the very elect of botanical 
specialists had for long been misled by such 
differences. "All the cucumbers and gourds vary 
immensely, hut the melon (Gueiimia melo) exceeds 
them all. A French botanist, M. Naudin, devoted 
x years to their study. He found that previous 
' Letters on a Reykidc Pea-:t, Works, vol. viii. , pp. 78—79. 
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botanists had described thirty distinct species, a* 
they thought, which were really only varieties of 
melons. They differ chiefly in their fruits, hut al*n 
very much in foliage and mode of growth. Some 
melons are only as large as small pltm, others weigh 
as much as sixty-six pounds. One variety has a 
scarlet fruit. Another is not more than an inch 
in diameter, but sometimes more than a yard in 
length, twisting about in all direction* lifc-- a serpent. 
Some melons are exactly like cucuml>ors ; and an 
Algerian variety, when ripe, cracks and falls to 
pieces, just as occurs in a wild gourd." ' 

Such an example brings out clearly that the 
strength of an analogy cannot be calculated from the 
amounts of outward resemblance and difference 
between the cases, because the resemblance really 
important for the purpose in view may be a hidden 
one. This shows why it is that full and appropriate 
knowledge bears such an important part in the 
framing of hypotheses worthy of investigation. Were 
the strength of the analogy dependent only on the 
amount of outward likeness, the framing of fruitful 
hypotheses would require mainly a pair of good eyes, 
and the work of induction would be something very 
different from the task of enormous difficulty and 
complexity it really is. It is because the grounds of 
the relations we observe arc not only hidden, but 
often even disguised, that the advance of knowledge 
is slow, even though the greatest of human intellects 
are engaged in helping it forwards. 

Of course, when knowledge is not sufficiently 
advanced to determine the relative importance of 
points of resemblance and difference, it is necessary 
to work with the material at hand. For example, 
in the early stages of electrical science, "Franklin 
1 Darviinibvi, pp. 87—88. 
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enumerates specifically an agreement I: 
electricity and lightning in the following resp 
diving light ; colour of the light ; crooked dir 
swift motion : being conducted by metals : n 
exploding; conductivity in water and ice; i 
imperEect conductors ; destroying animals ; ; 
metals ; firing inflammable substances ; sulpl 
smell (due to ozone, as we now know); and 
previously found that needles could be mag 
both by lightning ajid by the electric spar: 
also drew attention to the similarity betwi 
pale blue flame seen during thundery weather 
at the tips of the masts of ships (called by sai 
Elmo's Fire), and the 'glow' discharge at p< 
Here some of the resemblances are magnet 
therefore, important, but others, such as tlw 
and smell, did not, by themselves, lend much: 
to the hypothesis of identity of nature I 
lightning and electricity. With the advance 
science the hypotheses suggested in it bend to 
continually more probable, because the incr 
knowledge enables a clearer distinction to be 
between the weakness and strength of the ai 
on which they are based. 

g 4.— A hypothesis having been sugges 
analogy it must be brought to the test of : 
confirmation or denial. But no hypothesis t 
regarded as a fixed and unchangeable & 
Though it may be on the whole supported by 
observations, yet it frequently nndergoet 
modifications before it attains the form in wh 
finally accepted. The aim is to analyse the c 
and complex facts of experience so as to dise 
the universal and abstract relations which ai 
. Eieclrit 
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bined in them. Every each r 
Uid with all kinds of atten d ant c 
of which are indifferent to it whilst others are not. 
The task of induct too k to wpuKt bom all tins 
irrelevant mass of material the relation expraaasd by 
the hypothesis which guides the eaosiry. so as to fad 
what it is in itself, independently of all interfering 
conditions. 

When the hypothesis desis with a simple tnessl 
sequence, the whole of which is o 
this task can be to some extent c 
by certain inductive methods which were first clearly 
formulated by Mill, as the results of hi* analysis of 
the methods of enquiry in physical science set 
forth by Herschef in hi* £/Utovrm on Xtdtiral 
Philosophy. These methods can deal only with 
phenomena directly perceptible by the senses, and, 
hence, cannot reach those more hidden laws which 
express the most fundamental relations. As Dr. 
Venn says : " It is very important that the student 
should clearly recognize that these Inductive 
Methods, which play so important a part in oar 
logical treatises, are not of a rigidly scientific 
character. They belong rather to what may be called 
the plane or level of popular enquiry. . . . These 
Methods are nothing more than practical applications 
of the Law of Causation when thin is interpreted in a 
popular scientific form." ' But this does not destroy 
their practical utility. In all the ordinary affairs of 
life we are content with even less confirmation than 
these methods can supply, and in science itself they 
play an important part in the suggesting, testing, 
and moulding of hypotheses. 

As applications of a view of causation, half scien- 
tific and half popular, the methods nssuroe that e 
1 Empirical Logir, p. 420. 
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event has a cause, that the same cause always tends to 
produce the same effect, and that the effect is equal 
in energy to the cause. But as the only causes they 
deal with are those open to sense-perception they 
cannot assume that the same effect is always due to 
the same cause, for as we have seen, this identity of 
the causal relation is often only found when we get 
behind sense-perception to the hidden reality which 
the perceived facts more or less adequately express. 1 

With these limitations the methods all aim at 
eliminating from the concrete facts all elements 
which are indifferent to the relation under investi- 
gation. Their fundamental principle is that what- 
ever cannot be removed without altering the observed 
phenomenon is a condition of its occurrence, and 
whatever can be so withdrawn is in no essential 
connexion with ib. As corollaries from this, and 
special expressions of the axiom of the equality of 
cause and effect in energy, are the more special prin- 
ciples that elements which show corresponding 
variations in amount or intensity are causally con- 
nected, whilst if the increase or decrease of the one 
is not attended by a similar variation in the other 
they do not form a causal sequence ; and that any 
difference in amount botwren phenomena regarded as 
cause and effect presents a further problem for 
investigation. 

These principles may be expressed symbolically 
by the formula; A B — xy ; AC — xz, where any 
of the letters may represent a whole complex 
of elements. Then, as B can be removed without 
affecting x, it is assumed that B — x is not a causal 
sequence, whilst as the removal of B is attended by the 
disappearance of y, it is inferred that B and y are 
causally connected. The inference involved may be 
» C/., p. 36. 
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expressed in two syllogisms ultimately rwting apoa 
the second axiom of causation, thus — 

Any cause is always followed by the Mine effect. 

A ia followed in this case by x and 7; (l»*/orm«ii») 

Therefore A is always followed by either x or y. 
Then, taking this conclusion as a premise — 

A is always followed by either x or v. 

But A ia not always followed by y ; {2nd formula) 

Therefore A is always followed by x. 

This brings out the fact tliat the whole argument 
becomes precise and definite only by the use of the 
negative instance which excludes A — y » a causal 
sequence. The validity of the whole inference 
evidently depends upon' the truth and sufficiency ..i 
the actual premises which are here represented sym- 
bolically. The use of such symbols, bowever, disguise* 
the greatest difficulty of the whole pr^ 
cannot get to any premises which n*y ' 

represented by them till we have *«£5 ua wUll 
work of induction. Nature does no ■%- j n known 
definite sets of distinct element* 

i 1 -lat tafia to each other. We, ^"^^bohc formul* ; 
with anything corresponding tut !'^ s / formulte ia the 
but rather, the filling up °* tl1 ^ready ntore or 
result of analysing a P roce l( 1 jg is true, yet the 
less completed. But thong* 1 - BC ts aa to fulfil ll| e 
purpose of so arranging *&* crft tive throughout, 
conditions of the formula is ?£ ft gradual approxi- 
and the actual process con sis s |ie ot.. 
■nation to such definite ft rr0, . nS rC d that though for the 

Lastly, it must he remc« ,toe tb e induotivo method 
sake of clearness in exp 1131 " ^, in »"? fo11 "Active 
will he treated separately- *. in »ny ambulation, 
inquiry they are used toge *» fc s hoW they arc all 
and, as the symbolic * tft ^ t a-l V***** 
expressions of one fund*"* 
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§ 5. — We liave seen that simple enumeration of 
instances in which certain phenomena occur together 
or in immediate succession to each other suggests a 
hypothesis of necessary connexion. The Method of 
Agreement attempts to confirm this hypothesis by 
varying, as much as possible, the circumstances in 
which the relation is observed, so that all indifferent 
concomitants may Ije eliminated. If only one element 
is found constant under whatever conditions the 
phenomenon occurs that element is inferred to be 
probably the cause of the phenomenon. This is 
symbolized by the A — x of our formulas. For 
example, solids become liquids, and liquids change 
into gases, under all kinds of varying conditions, but 
one element, the presence of heat, is common to many 
of them. The inference is that heat is probably 
the cause of the change. Of course the evidence 
thus gathered is only sufficient to suggest this as a 
probable hypothesis ; a knowledge of the molecular 
structure of matter and of the action of both heat 
and pressure on molecular motion is necessary really to 
explain the phenomena, and this cannot bo attained 
by any of the methods of direct induction we are 
now considering. 

The same limitation of the operation of the method 
is seen in an excellent example which we borrow from 
Professor Bain. " The north-east wind is known to be 
specially injurious to a great many persons. Let the 
inquiry be — what circumstance or quality is this owing 
to J By a mental analysis, we can distinguish various 
qualities in winds ; — the degree of violence, the tem- 
perature, the humidity or dryness, the electricity, 
and the ozone. We then refer to the actual instances 
to see if some one mode of any of these qualities 
Uniformly accompanies this particular wind. Now 
We find, that as regards violence, easterly winds are 
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generally feeble and steady, but on particvkr uoov 
lions, they are stormy ; heooe, we eaaaot attnbf 
their noxiortanen to the intensity of the tmrrrts. 
Again, white often cold, they «c «K<iw *w»- 
[aratively warm ; and although they my mm* Ma- 
agreeable when cold, yet th-y do as* w» i*m- 
character by bang tuaed a M 
had feature b> 
uniform degree of • 

and sometime* dry. IfMi. a* w a i ^ i '^ *■ 
is no ■"•— ' — 1 tiwjfk- «bmm> awaw! a 
either poattne 
tfsetric ten of the .-. 



Farther, m mmmwb -• 
they bare undoubtedly leas of Ob* mwmmK *mm -M* 
south-west, wind- , rrt on lew j i ail * ** ••- 
shore ban mure ozone than a ■ ■ any • *- ■ 
heart of a town. It would tbe* upfuav «M» W 
depressing efFect cannot be a*a*d •» er m* # 
these five circumstances, 
investigate closely the con 
easterly current, we find U>»t * 
towards the equator, and i 
miles cIvm upon the surfac* *f » 
the south-we^t wind coniinu ' 
upon us from a height 

contact with the ground, * a 

elements — gaseous efflux 

germs — may 1 

in the lower stratum I 

alone, so far as we can ^ * 
i constant and ■■ 

seen, Dr. Bain paeee* • 

Agreement both in »_ _ 

trasted instance *jf -^ 
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explanation of why passing near the ground should 
make a wind injurious. 

The Method of Agreement, then, can give us no 
more than an indication of the direction in which 
it would be well to push our enquiries. The degree 
of probability which we can attribute to the sug- 
gested hypothesis will depend upon the thoroughness 
with which all possible combinations of circumstances 
have been observed. It is in this variation of con- 
ditions that increase in the number of examples 
has value. Fifty examples of a sequence under the 
same conditions are of no more value than one, 
supposing that to have been correctly observed. 
But as we vary the instances we decrease the like- 
lihood that the phenomenon can have more than one 
1 cause,' using the term in the half popular sense 
in which the methods employ it. 

But even invariable euiticidenco will not prove a 
causal relation. Hay always follows night, and night 
succeeds to day, yet neither is the cause of the other. 
Both are joint effects of a deeper cause which the 
Method of Agreement cannot reach. Again, the 
invariable element may be a permanent fact in the 
universe, and in no causal relation to the phenomenon 
in question. As Mr. Hohhouse remarks : " Where- 
Bver there is sea we find sky ; but we do not make 
sea the cause of sky, because we do not find the sky 
coming into being when or where the sea appears. 
Conversely, fire is the cause of smoke, because the 
smoke comes out of the fira and disappears as the 
combustion ceases." 1 

This leads us to see that without negative instances 
the inductive enquiry cannot advance either very far 
or very surely. The inference that increase of heat 
causes the change of solids into liquids and of liquids 
1 The Theory of Knowledge, p. 387. 
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into gases, gains in probability when it in ahown that 
decrease of heat has the opposite effect : mid, n- «r> 
saw, Dr. Bain finds io the npgativr in* 
south-west wind a confirmation of hi- 1. 
to the reason of the noxiousness of the nortb-ewt 

^ 6. — The Method of Agreement, ■ '■ 
into the Method of Sxcluexone — or the Joint Method 

of Agreement and Dijfin nee, as Mill nut rery happily 
called it. Hero the observation of positive instance* 
is supplemented by the search for other iii.ttancrji, 
resembling the former as much as possible, with the 
one exception of the absence of both the supposed 
cause and effect. We constantly make inferences 
on the basts of this method in common life. "If a 
man finds that whenever he eats cucumber he 
suffers fruui indigestion, this indicates by Agreement 
that cucumber is the cause of bis pain. But, if he 
is fond of cucumber, he will put the fault upon 
other ingredients of his diet taken at. the same time, 
such as cheese, salmon, or pastry, which he likes less. 
Making, however, a second list of dinners (say) 
when visiting, at which cucunilier is not served, 
whilst cheese, salmon, pastry, &c, all occur, and 
finding that he does not suffer from indigestion, the 
conclusion seems to be forced upon him that 
cucumber is the only pleasure of the table that must 
be bought with pain." 1 

It was mainly by this method that Darwin estab- 
lished his theory th.it vegetable mould is due to the 
action of earth-worms. He found that on lands of 
various kinds a layer of vegetable mould, continually 
increasing in thickness, is formed whenever earth- 
worms are present in any considerable numbers, so 
that objects left on the surface gradually become 
1 Carveth Read, Loyii; Deductive and Inductive, p. 178. 
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buried. On the other hand, where worms are 

practically absent, this phenomenon does not appear. 
Darwin used the method very thoroughly, and 
showed that what at first sight appeared to be 
exceptions were really negative instances. Large 
boulders were not buried, but investigation showed 
that under such boulders no earth-worms were to be 

It appears from such examples that the negative 
instances are even more decisive than the positive, 
for they clear the ground of other possible alternative 



§ 7. — An attempt to render the negative instance 
as precise as possible is made by the Method of 
Diffei-ence. The methods already considered have 
been methods of observation, but this is pre- 
eminently a method of experiment. Its aim is to 
vary, one at a time, the circumstances under which a 
phenomenon occurs. If, then, the supposed effect ib 
found to appear and disappear with the introduction 
and withdrawal of the supposed cause, the assump- 
tion of causal connexion is a strong one. The 
method is symbolized by the E — y and C — z of our 
formulas. 

It is obvious, however, that the method is 
emphatically one of testing and verification rather 
than of discovery ; for unless we suspect a certain 
element to be the cause, why do we experiment with 
that rather than with any other of the concrete 
conditions ; 

It is very rarely that nature gives to observation 
such a perfect negative instance as the Method of 
Difference requires, and even in experiment it is 
extremely difficult to secure one. The surest plan is 
to introduce one new factor into a definitely known 
set of conditions. For example, as was accidentally 
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discovered by Boyle in 1C70, if an acid is I 
into an extract of litmus the colour i 
blue to red, and the inference ihat the change is dae 
to the acid is felt to be so safe that this chang* i> 
the recognized test for the presence of an acid. Bat 
when, in experiment, we do attempt to max- one 
definite change, it is often excessively difficult to 
avoid introducing at the same time other change* 
which are not intended and which may not even b* 
suspected. Dr. Venn give* a very 
instance from the Report of the British , 
1881. "When Prof. G. H. Darwin i ' 
were endeavouring to measure the lu: 
of gravity at the Cavendish Laboratory i 
delicate pendulum was employed. 
it that it almost defeated its purpose !»y 
innumerable minute disturbances, of whit*, irtiihst 
many could be accounted for, many other* baffled all 
explanation. Amongst the former waa this. In 
approaching the instrument in order to observe It* 
reading, the surface lew! of the stone basement floor 
an which the instrument stood iu deflected by the 
weight of the observer. Nay, m he stood to take a 
reading, the difference produced in thi* way by his 
merely shifting his weight from one leg u> the other 
was perceptible ; so it became necessary always to 
observe the reading by a telescope from a dintxrtcv, 
or to adopt some equivalent plan.'' ' A» I»r. Vmn 
goes on to observe, "Now of course exactly the nam* 
sort of disturbance is brought about whenever w«? havfc 
a letter weighed at the Po*t Office, liut as it is not 
considered that the extra pence at stake arc worth 
the trouble of deciding the weight of Hm lifter t-. 
such a point of accuracy, we are content to let this 
source of inaccuracy enter, and therefore we uso 
1 Empirical Logic, pp. 417—118. 
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:h an example shows bow difficult, if n 
tmp ow rib le, it is to secure that only one i in in urn) an 
is really varied at a time. 

~ i supposing this difficulty overcome there si 



the probability that the new e 
not by itself the cause of the result, 
match i* applied to a heap of gunpowder a 
an explosion follows, bat the match by itself is i 
the cause of that explosion. And si 
All that the Method of Difference can prove is that 
the introduction of a certain new element into a 
definite set of conditions is essential to the produc- 
tion of the effect in that case. But the cause maj 
even lie wholly in some of the previous conditions, 
though held in check by others of those conditions, 
and all that the new element may do is to neutralize 
those interfering conditions and allow the cans 
connexion to have full play. For example, if the 
string which supports a picture breaks, the inter- 
ference with the causal action of gravity is r 
but only in the most popular sense of the term can 
the breaking of the string be called the cause of the 
fall of the picture. The Method of Difference alone 
will not, therefore, establish a pure case of causal 
connexion between the introduced element and the 
result. But when other evidence points to such s 
connexion, Lhe confirmation afforded by this method 
is very strong, and in cases of ordinary experience, 
where scientific accuracy is not required, it may often 
be regarded as practically conclusive. Such i 
are the most numerous in the affairs of every-day 
lifo. " Many precautions, for instance, which 
would he ridiculous for a tradesman to adopt if he 
worn weighing out a pound of sugar for a customer, 
1 Etnpiriral Logic, pp. 417- 
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are just the things which it would be little short of 
criminal for an analytical chemist not to adopt, if he 
were set to determine whether a given sample of 
water were pure. And precautions again which 
would suffice for this latter may again Income in- 
sufficient when some original investigator is carrying 
out an excessively refined course of experiments in 
his laboratory. All accuracy in these matters is a 
question of degree, to be determined by the end we 
have in view, and strictly regulated by the necessities 
which the attainment of that end reasonably 



§ 8. — The evidence of causal connexion furnished Method <•{ 
by a combination of affirmative and negative J"™t™ rol " 
instances is considerably strengthened when the vwutionn. 
facts can be brought under the Method of Con- 
comitant Variations, the principle of which is that 
corresponding changes in the amount of phenomena 
give a presumption of causal connexion. By itself 
such variation is strong evidence of causal connexion 
only when the amount of the supposed cause can be 
changed at will and when the assumed effect varies in 
simple proportion with it. But if the supposed cause 
is not under control, so that the variations can only 
be observed, and not determined, by us, then there is 
always the possibility that both the observed 
phenomena may 1>e joint effects of an unknown 
cause. On the other hand, if the variations of the 
assumed cause and effect follow different laws it is 
evident that the full cause is not known. If, for 
example, in the sequence A — x, we have as varia- 
tions A, 2A, 3A, Ac, and x, ix, 9x, &c, then it 
would seem certain that A cannot be the whole 
cause of x. When the variations cannot be 
' Venn, op. cit. p. 417. 
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careful measurements this rate can be shown to 
decrease, continuously though gradually, as the 
height above the level of the sea increases. 

Such examples of the Method of Concomitant 
Variations show that in its most perfect application 
it becomes a method of establishing relations in a 
quantitative form. None of the other methods can 
determine quantitative relation between cause and 
effect, yet without such determination the statement 
of relations remains vague and indefinite. As 
Herscbel says : " Numerical precision ... is the 
very soul of science . . . Indeed, it is a character 
of all the higher laws of nature to assume the 
forms of precise quantitative statement." 1 Nodoubt, 
measurement is never exact, though it becomes more 
so with the improvement of instruments. But by 
dealing with a series of measurements by averaging 
and other methods of statistics, a law is calculated 
which is more correct than any actual measurements. 
" The place of a planet at a given time is calculated 
by the law of gravitation ; if it is half a second wrong, 
the fault is in the instrument, the observer, the 
clock, or the law; now, the more observations are 
made, the more of this fault is brought home to the 
instrument, the observer, and the clock." 2 

The form of the quantitative variation between 
two elements is often most clearly seen when it is 
represented graphically, as in the diagrams of 
the variations of the heights of the barometer and 
thermometer common in newspapers. A horizontal 
line, called the abscissa, represents the units of one 
e 'ement, and a perpendicular line, termed the ordi- 
nate, those of the other. " If the abscissse repre- 
sent intervals of time, and the ordinates correspond- 
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. tsof the barometer, we n 
which show at a glance ihe dependence of h 
pressure upon the time of day."' 
on the same principle are est 
exhibiting the variations in the growth of < 
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§ 9. — Mill enunciated a fifth method, that of 
Rei'ulwg, whose principle is that when the known 
causes at work are not sufficient to account for the 
whole of the observed effect, the residual phenomenon 
presents a further problem for investigation. This 
is only a method by which hypotheses are suggested, 
and, as several instances of its working have already 
been mentioned, we need not consider it further. 1 

% 10. —We will close this chapter by illustrating 
the employment of the various inductive methods in 
one and the same scientific enquiry, choosing as our 
example Dr. Wallace's account of the investigation 
into the origin of modifications of colour in animals. 
The existence of a problem is suggested not by mere 
variation of colour, which " would require no other 
explanation than does that of the sky or the ocean, 
of the ruby or the emerald — that is, it would require 
a purely physical explanation only." 2 It is " the 
fact that the colours are localized in different pat- 
terns, sometimes in accordance with structural 
ohamotera, sometimes altogether independent of them; 
while often differing in the most striking and fantastic 
manner in allied species," which compels us " to look 
upon colour not merely as a physical but also as a 
biological chani.L4eri.stio." 3 So far we have simple 
enumeration. Then the Method of Exclusions is 
employed to suggest a hypothesis. "As a rule, 
colour and marking are constant in each species of 
wild animal, while, in almost every domesticated 
animal, there arises great variability." 4 Then analogy 
is appealed to for a common characteristic, present 
uniformly in the one case and absent in the other, 
which may give the ground of this uniformity. " The 
essential difference between the conditions of Life of 
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has a direct effect in producing the white colour in 
animals, either by some photographic or chemical 
action on the skin or by a reflex action through 
vision. The other is, that the white colour is 
chiefly beneficial as a means of checking radiation 
and so preserving animal heat during the severity of 
an arctic winter. The first is part of the general 
theory that colour is the effect of coloured light va 
the objects — a pure hypothesis which has, I believe, 
no facts whatever to support it. The second 
suggestiun is also an hypothesis merely, since it has 
not been proved by experiment that a white colour, 
per xe, independently of the fur or feathers which ia 
so coloured, has any effect whatever in checking the 
radiation of low-grade heat like that of the animal 
body. But both alike are sufficiently disproved by 
the interesting exceptions to the rule of white color- 
ation in the arctic regions, which exceptions are, 
nevertheless, quite in harmony with the theory of 
protection." 1 

These exceptions are, then, crucial instances 
which decide between the rival hypotheses. Dr. 
Wallace examines several in detail and shows they 
are either not really exceptions to the rule of 
protective coloration or that the animals have no 
need of such protection. " The sable retains its 
rich brown fur throughout the Siberian winter ; but 
it frequents trees at that season and not only feeds 
partially on fruits or seeds, but is able to catch 
birds among the branches of the fir-trees, with the 
laark of which its colour assimilates." s 

The musk sheep is also brown, "but this animal 
is gregarious, and its safety depends on its associa- 
tion in small herds. It ib, therefore, of more 
importance for it to be able to recognize its kind at 
1 Danoinism, pp. 190—191. 3 Ibid., p. 191. 
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INDIRECT VERIFICATION OF HYPOTHESES 

§ 1. — -The methods of direct inductive enquiry 
which we considered in the last chapter are only 
applicable to simple cases in winch the whole of the 
.supposed causal sequence can be observed, and even 
in such cases they only form the first steps in an 
inductive enquiry. Their results are what are 
commonly called Empirical Laws, that is, laws of 
a descriptive character giving the results of sense- 
perception. They may state that an observed 
sequence is most likely causal, but they give no 
reason why it is so, for each law stands as an 
isolated fact, and is, therefore, unexplained. Such 
laws can never attain theoretical certainty, though 
they may have a high degree of probability. Certainty 
is only reached when we are able to show " not 
merely that that particular supposition will explain 
the facts, but also that no other one will." * In 
other words, we must exclude the possibility of 
alternative causes. But, as has been seen, this 
cannot be done so long as we keep to sequences 
open to sense-perception, for the causal relation is 
1 Clifford, Lecluna and Eaaayt, p. 137. 
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negative instances by which the hypothesis is con- 
firmed. 

In the ordinary affairs of life we are contented 
with hypotheses which fairly cover the facts, without 
demanding proof that they do so exactly, or that no 
other supposition will do so. We cannot wait in 
practice for theoretical certainty. Even in the law- 
courts, if the facts adduced make strongly against 
an accused person, the prisoner must either establish 
other facts incompatible with hia guilt, or take the 
consequences. Especially is this so in cases of 'circum- 
stantial evidence,' in which the concurrence of many 
facts, each in itself perhaps of no great importance, 
often gives a presumption of very strong probability 
in favour of a certain hypothesis. As Mr. Hobhouse 
says : " A man is found dead with his throat cut. 
A knife is found in a ditch close by. There are 
footprints in the mud. X was known to be in the 
neighbourhood on the day ; evidence is given that 
he purchased the knife a week before ; hia boots fit 
the footprints. All these facts might be due to a 
collocation of separate causes, but all are explicable 
by a single cause, namely, that X planned and 
carried out the murder. The single assumption is 
so much more probable than the multiple com- 
bination of circumstances that it is likely to go 
hard with X, and his business is to produce some fact 
incompatible with the above explanation. Failing 
this, one or more such combinations of circumstances 
and our conviction of the strength of the hypo- 
thetical argument will be evinced in a very practical 
manner.' 1 But, even at the best, the conclusion is 
only a probable one, and, undoubtedly, many an 
innocent man has fallen a victim to an unfortunate 
conjunction of circumstances. The danger in every 

1 The Theory of Knowledge., p. 42Z 
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circumstantial evidence is that (act* 
really pertinent to the question in bud m*y be 
overlooked, or neglected as immaterial. K'|«niil]y 
is tliis apt to occnr when the observe! 
in favour of a hypothesis, perhaps hastily funned. 
There are always some facta inconsistent with a 
false hypothesis if only they could be found. 

§ 3. — In history the indirect method of establishing The Id. 
hypotheses is the only one available, and the same J^!«i 
applies to a great extent in all branches of social Hut-.rj-. 
science. Owing to the extreme complexity of the 
subject-matter, dealing as it does with all the motives 
and circumstances which can influence human conduct, 
it i« impossible to apply the direct inductive methods, 
fur the phenomena cannot be isolated for examina- 
tion, even in the present. Moreover, history Buffers 
from the exceptional initial difficulty of having to 
rely upon testimony, often of an inferior character, 
for its facta. Thus, throughout, " History is not . . . 
a science of observation, but a science of reasoning. 
In order to use facts which have been observed under 
unknown conditions, it is necessary to apply criticism 
to them, and criticism consists in a series of reason- 
ings by analogy. The facts as furnished by criticism 
are isolated and scattered ; in order to organize them 
into a structure it is necessary to imagine and group 
them in accordance with their resemblances to facts 
of the present day, an operation which also depends 
on the use of analogies ... In order to frame its 
arguments from analogy, it must combine the know- 
ledge of the particular conditions under which the 
facts of the past occurred with an understanding of 
the general conditions under which the facts of 
humanity occur." 1 
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In pursuing such a method two opposite dangers 
present themselves. On the one hand is the danger 
of making history a mass of mere empirical facta 
with no geiiLTiitizat-ions t<> bind them together; on 
the other, that of inferring consequences from 
abstract principles gathered from an analysis of 
general human nature, and advancing these as true 
without bringing them to the test of comparison 
with actual facts. It is the tendency to fall into 
this last error which has brought such subjects as 
the philosophy of history and the science of political 
economy into some disrepute. But to assume that 
such branches of knowledge are valueless luecause 
some of their exponents have adopted too abstract a 
treatment is to fall into the opposite error. The 
subject of education presents another example. On 
: band we have the ' practical ' teacher who 
'theory' and values only the facts of his 
own experience. On the other, we have the arm- 
chair 'theorist' who deduces laws from the general 
principles of logic and psychology, or even from such 
a vague conception as Rousseau's ' Nature,' and 
advances them as rules to be put into practice 
irrespective of circumstances. The wise educator 
stands between the two. 

§ 4. — Sciences such as geology and biology, which 
attempt to explain the origin of the present from the 
evidence of the material traces leFt by the past, must 
continually resort to the indirect method. In such 
investigations the inductive methods considered in 
the last chapter are applicable mainly in the verifi- 
cation of consequences deduced from hypotheses 
which go behind the facts in attempting to explain 
them. 

We will borrow for analysis a typical example 
from geology. In the account of the glacial phe- 



iv INDIRECT VERIFICATION nf HYPOTHESES Jue 

nornena of the British Isles contributed by my 
colleague, Mr. P. Kendall, to Professor Wright's 
Km and Ike Glacial Period, we read : "From the 
neigh bourhood of Lii-bfield, through some of the 
suburbs of Birmingham, ami over Frankley Hill and 
the Lickey II ilia to Bromagrove, ihere in n great 
accumulation of Welsh erratics, from the neighbour 
hood, probably, of Arenig Mawr." ' The problem 
is to account fur the transportation ■ >!' the •■ l».iulder» 
some sixty or seventy mile* from their source. 

Two hypotheses were advanced; one that they 
had l>eeii borne by marine ice during a period when 
the land was submerged, the other that they had lieen 
transported by glaciers. The consequences of each 
of these hypotheses must be deductively inferred and 
then tested by comparison with the facts. 

Mr. Kendall first explains exactly what the 
glacial hypothesis involves. " During the early 
stages of the Glacial period the Welsh ice had the 
whole of the Severn Valley at its mercy, and a great 
glacier was thrust down from Arenig, or some other 
point in central Wales, having an initial direction, 
broadly speaking, from west to east. This glacier 
extended across the valley of the Severn, sweeping 
past the Wrekin, whence it carried blocks of the 
very characteristic rocks to be lodged as boulders 
near Lichfield ; and it probably formed its terminal 
moraine [in that neighbourhood]. As the ice in the 
north gathered volume it produced the great Irish 
Sea Glacier, which pressed inland and down the 
Vale of Severn . , . and brushed the relatively small 
Welsh stream out of its path, and laid down its o 
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tion of the land, the force of which would only be 
felt by a geologist. It grows out of the facts open to 
observation, though it goes much beyond them in its 
mental construction of a set of conditions so different 
from the present state of things. 

Mr. Kendall then proceeds to examine the evidence 
in detail, comparing it at each step with the conse- 
quences which can be inferred both from the hypo- 
thesis of glacial agency and from that of the action 
of marine ice. Each group of facts is thus made 
a crucial instance and shown at once to support 
the former supposition and to conflict with the 
latter. 

The first step is to di.spose of apparent exceptions 
by showing that on analysis they really negate the 
hypothesis they appear at lii'st sight to support, and 
confirm that with which they seem on a casual view to 
be in conflict. " Within the area in England and 
Wales covered by the Irish Sea Glacier al! the 
phenomena point to the action of land-ice, with the 
inevitable concomitants of sub-glacial streams, extra 
morainic lakes, &c. There is nothing to suggest 
marine conditions in any form except the occurrence 
of shells or shell fragments; and these present so 
many features of association, condition, and position 
inconsistent with what we should be led to expect 
from a study of recent marine life, that concbolo- 
gists are unanimous in declaring that not one single 
group of them is on the site whereon the sheila lived. 
It is a most significant fact — one out of a hundred 
which could he cited did space permit — that in the 
ten thousand square miles of, as it is supposed, 
recently elevated sea-bottom, not a single example 
of a bivalve shell with its valves in apposition has 
ever been found ! Nor has a boulder or other stone 
been found encrusted with those ubiquitous marine 




said to 

on the point 

Having diapoaed of 
between the Ibeorr of 
Kendall. 

and to show that this evidence negates the t 
ice supposition. "The evidences of the action of 
land-ice within the area are everywhere apparent in 
the constancy of direction of— <1) Strne upon rock 
surfaces. {2) The terminal curvature of rock?. (4) 
The ' pnll-over ' of soft rocks, (-t) The transport*) 
of local boulders. (5) The orientation of the long 
axes of large boulders. (6) The false beddujuj ol 
sands and gravels. (7 > The elongation of drift hills, 
(8) The relations of 'crag and tail.' There is a 
similar general constancy, too, in the directions of 
the strife upon large bouiders. Upon the undw m,!» 
1 Op, cit., pp. 151 -152. 
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they run longitudinally from south-east (or there- 
about*) to north-west, wliilo upon the upper surface 
they o rig iiin.tr at the opposite end, shewing that the 
scratches on the under aide were produced by the 
stone being dragged from north-west to south-east, 
while those on the top were the product of the pas- 
sage of stone-laden ice over it in the same direction. 

" Such an agreement cannot be fortuitous, but 
must be attributed to the operation of some agent 
acting in close parallelism over the whole area. To 
attribute such regularity to the action of marine 
currents is to ignore the most elementary principles 
of marine hydrology. Icebergs must, in the nature 
of things, be the most erratic of all agents, for the 
direction of drift is determined, among other vary- 
ing factors, hy the draught of the berg. A mass of 
small draught will be carried by surface currents, 
while one of greater depth will be brought within 
the influence of under-eu rrents ; and hence it rot 
infrequently happens that while floe-ice is drifting, 
say, to the south-east, giant bergs will go crashing 
through it to the north-west. There are tidal in- 
fluences also to be rec-koned with, and it is matter of 
common knowledge that flotsam and jetsam travel 
back and forth, as they are alternately affected by 
ebb and flood tide. 

"Bearing these facts in mind, it is surely too 
much to expect that marine ice should transport 
large boulders (how it picked up many of them also 
requires explanation) with such unfailing regularity 
that it can be said without challenge, ' Boulders in 
this district [South Lancashire and Cheshire] never 
occur to the north or west of the parent rock.' The 
same rule applies without a single authentic escep- 

i to the whole area covered hy the eastern branch 
of the Irish Sea Glacier ; and hence it comes about 
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that not a. single boulder of Welch rook lias ever 
been recorded from Lancashire." ' 

Ewooghont this example we see the attempt to 
establish the hypothesis, not only by showing that 
it will explain the facts, but by proving that the 
only other possible supposition fails to do so. 

^ 5.- — Passing now to the establishment of those EaUbiMi. 
wider truths to which we referred at the beginning Thorny of 
of this chapter, we will take as our example the Gl * rtt » tto 
development of the Theory of Gravitation. 

The idea that material bodies attract each other ffmpiwna 
had been familiar to the ancient Greek philosophers, ^'','^ 
but it only became useful to science when it was ■"«"<•- 
made definite by measurement. The first step was 
taken by Galileo in the first half of the seventeenth 
century. From the consideration of a great number 
of facts he was led to the hypothesis that all bodies 
fall with equal rapidity under the attraction of the 
earth, independently of both their size and their 
material. By letting various bodies fall at the same 
moment from the top of the leaning tower of Pisa 
he gave an approximate verification of this hypothesis, 
attributing the trilling differences in the times they 
took to reach the ground to the greater resistance 
offered by the air to light than to heavy bodies. 

Newton succeeded in making the verification much 
more exact " by the simple and elegant contrivance 
of enclosing in ■ hollow pendulum the Bame weights 
of a great number of substances the most different 
that could be found in all respects, as gold, glass, 
wood, water, wheat, Sec, and ascertaining the time 
required for the pendulum no charged to make a 
great number of oscillations ; in each of which it 
is clear the weights had to fall, and l>e raised again 
successively, without loss of time, through the same 
1 Op. til., pp. 152—153. 
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■irftnliral spaces. Thus any difference, however in- 
considerable, that might exist in the time of one such 
fall and rise would be multiplied and accumulated 
till they became sensible. And none having been 
discovered by so delicate a process in any case, the 
law was considered verified both in respect of gener- 
ality and exactness." 1 Here, as Newton was study- 
ing one force only, he maintained all other conditions 
— such as the resistance of the air — constant by the 
simple device of using the same pendulum. 

Galileo had also advanced the hypothesis that the 
Spaces described by falling bodies must vary as the 
squares of the times, and he based this on the sup- 
position that this was the simplest law that could be 
This argument, of course, was somewhat 
re, but the truth of the hypothesis was approxi- 
mately verified by experiment. 

Nearly forty years before Galileo's enunciation 
. of the laws of falling bodies Kepler had entered upoD 
his memorable investigations into the motions of the 
planets. The current theoiy was that each planet 
revolved round the sun in a circular path, and it was 
only after the failure of many attempts to reconcile 
the observed positions of the planets with this theory, 
by moving the centres of the circles in all kinds of 
ways away from and towards the sun, that Kepler 
at last hit on the true hypothesis of an elliptical 
orbit. The final outcome of his researches was the 
enunciation of the three laws still known by his 
name — that each planet revolves round the sun in an 
elliptical path, having the sun in one of the foci; 
that it revolves with such a velocity that a straight 
line drawn from it to the sun passes over equal 
areas in equal times ; and that the squares of the 
number of days taken by the planets to complete a 
1 Herscliel, Discourse on Natural Philosophy, g 179. 
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plausible ; a man in love with his own fancies would 
readily have disco vert 1 J or invented some probable 
cause of this difference. But Newton acquiesced in 
it as a disproof of his conjecture, and ' laid aside at 
that time any further thoughts of this matter.'" 1 
Some fifteen or sixteen years after, Newton found "he 
had been mistaken in the magnitude of the earth, 
and consequently in the distance of the moon, which 
is determined by measurements of which the earth's 
radius is the base." 2 He repeated his calculations, 
and his former supposition was now found to agree 
with the phenomena with remarkable precision. The 
law of gravitation was thus proved to apply to the 
moon. 

To conceive that the same law would explain the 
, motions of the planets round the sun was a natural 
development. Indeed, that the different planets are 
attracted to the sun by a force which varies inversely 
as the square of the distance was already known to 
be approximately true. Newton, however, starting 
with the facta of planetary motion as expressed in 
Kepler's laws, showed by rigorous mathematical 
reasoning that these laws imply the law of gravita- 
tion as their ground, and are a necessary consequence 
of that law. 

Difficult and intricate as was the mathematical 
reasoning involved in this further verification of the 
theory of gravitation, the next step was more com- 
plieared still. It was to conceive gravity as a mutual 
attraction of all the members of the solar system. 

If this were true, then the moon, being attracted 
by the sun as well as by the earth, would move 
sometimes faster and sometimes more slowly than if 
attracted by the earth alone. Further, the same 
.. 122. 
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result would hold with the satellites of the other 
planets : and if the planebf attract each other, their 
movements would also show divergencies from those 
that would be due to the single attractive power of 
the sun. Hire, then, were a set of deviations, small 
indeed in quantity, but excessively complicated in 
their nature. Newton worked out by a wonderful 
coarse of geometrical reasoning, all the chief per- 
turbations in the case of the moon, and indicated 
how a similar train of inference could be applied 
(a the oilier satellites. When his results, thus 
deductively attained, were compared with the 
observations of Flamsteed, they were found to be 
surprisingly accurate. 

The final step in the development of the theory ffroMn 
of gravitation was taken when it was made ap- JTbh'"* 
|>li<al'li" to all particles of matter, and not simply ''JViwJ* 
to those concrete bodies of sensuous perception to 
which it had hitherto been applied. Of this sup- 
position, too, Newton proceeded to calculate the 
results, and he applied his reasonings to explain 
" the figure of the earth, the tides, the precession of 
the equinoxes, the regression of the nodes of a 
ring such as Saturn's, and of some effects which, at 
that time, had not been ascertained even as facta of 
observation ; for instance, the difference of gravity 
in different latitudes, and the nutation of the earth ; s 
axis. It is true, that in most of these cases, 
Newton's process could be considered only as a 
rude approximation. . . . Nevertheless the form and 
nature of the conclusions which [he] did obtain 
were such as to inspire a strong confidence in the 
competency of his theoty to explain all such 
phenomena as have lieen spoken of." l 

In all essentials then, this magnificent discovery 
1 WhewtU, op. cit., vol. ii., p.135. 
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— certainly one of the greatest ever made — was the 
work of one mighty intellect. By it, as Wbewell 
remarks, "Astronomy passed at once from its boy- 
hood to mature manhood." l The task of subsequent 
astronomers has been only to work out the results 
of the theory in more detail and with more perfect 
accuracy. The scope of the principle has been con- 
tinually extended, till, as Sir Robert Ball tells us, 
" when we extend our view beyond the limits of 
our Solar System to the beautiful starry systems 
scattered through space we find even there evidence 
of the great law of universal gravitation." i 

Even the rough and meagre outline we have been 
able to give of the process of this great induction 
brings out clearly how small a part in it was played 
by direct inductions from sense -experience. Beyond 
the empirical laws of falling bodies and of the 
movements of the planets such inductions could not 
go. All the later steps were taken by the indirect 
method we are considering in this chapter; and 
thesis steps could have been possible only to one who 
possessed enormous mathematical knowledge and 
capacity. "It was the extraordinary power with 
which Newton traced out geometrically the con- 
sequences of bis theory, and submitted them to re- 
peated comparison with experience, winch constitutes 
his pre-eminence over all physicists." 3 

It must be noted that the theory goes far beyond 
sense-experience. " The law asserts that every 
particle of matter in the universe attracts every 
other particle, with a force depending on the masses 
of the particles and their distances. We cannot 
know the force acting on any particle unless we 

1 Whewell, op. tit., vol. ii., p. 137. 

3 Op. til., p. 122. 

* Jevoiis, Tht I'r'oirijilt.s of Science, p. 566. 
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know the masses and distances and positions of nil 
other particles in the universe."' 0( ooui ■ 
knowledge is unattainable, and our verification! "f 
the law caD, therefore, never be more than pari!*] 
ond approximate. But as man's powers of rjuu-t 
computation and precise observation are increased, 
the verifications become more and more exact, und 
in astronomy especially they have attained a truly 
wonderful degree of precision. We ore, the] 
justified iu believing the law of gravitation to I"' 
exactly true. In other words, our I. .n... 
exact than our actual observations can ever l*\ 

Lastly, the law goes beyond sen e pi ro | 
that it not only describes, lint c\|.l.n.' 
As we saw, Kepler's laws were merely >i<- ■< i i|.hv" 
they brought all possible observations of I i 
positions under general form u lie. I!ul lli< 
of gravitation is a causal law, explaining UlOM 
motions by showing them as tin- rn ■<■>■■ my ■ <n< 
sequences of mechanical principle*, Tim-, <)■■ 
theory emphasizes* the doctrine that luwlwlgt i* * 
mental construction suggested by observed f*«U, 
and continually verified by appeal to (In w. b'it u<a 
confined to t!ic products of sen«e perception 

Jevoiw, The Prmeipla ofBttmm, V «N tfft 
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§ 1. — To know is to be able to explai 
aim, therefore, of all the methods of developing 
knowledge which we have considered is the explana- 
tion of the experiences of humanity. That goal ia 
far from being reached, but it is one towards winch 
mankind has been, on the whole, continuously 
progressing. The ideal of explanation ia to show 
both the place and the function of that which is to 
be explained in the system of the universe. This 
implies a knowledge both of the nature of the 
phenomenon in question and of its relations to other 
phenomena. Thus we see that the stage of ex- 
planation by system takes up into itself the two 
preceding stages of interpretation of the world which 
we considered in the first two chapters. 

We saw, further, in chapter v, that to each Btage 
of interpretation there broadly corresponds a suitable 
form of judgment. The nature of things ia most 
appropriately expressed in the categorical judg- 
ment, their relations to other things in the hypo- 
thetical judgment, and their union into system in 
the disjunctive judgment, which takes up the other 
two forms into itself. 
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Lastly, our examination of the indue tire methods 
of obtaining knowledge from a direct study of the 
world has made it clear that the same enquiry which 
aims at establishing the existence of universal law 
must also tiring to light the nature of the things 
related. It is evident that the precision which can 
be given to a judgment of the form " If S isM itiaP" 
is directly dependent on the exactness of our know- 
ledge of the nature of S, M, and P. 

Our attention ha?, however, been mainly concen- 
trated hitherto on the establishment of laws; we 
must now examine the mutually involved processes 
of definition and classification. 

§ 2. — Like all attempts at organizing knowledge, Dereiop- 
classification and definition have their roots in the SSnttion 
previously unorganized experiences of humanity. 
" Ages before the logician, or any one else who deals 
with systems, had a hand in the matter, the neces- 
sities of common life had been at work prompting 
men to grcup the things which they observed. All 
names imply the recognition of groups, and a great 
number of names imply a subordination of groups, 
so that at the earliest stage to which we can transfer 
ourselves we find that we are already in possession 
of a rudimentary classification ; and that we cannot 
even talk or think about the things without an 
appeal to this.'' 1 Of course, every such grouping 
was based on the recognition of common qualities, and 
the name implied that these qualities were present in 
any case in which it was applied. The rudimentary 
classification consequently involved a rudimentary 
definition, for definition is merely the statement of 
the common qualities which determine the classifi- 

But, as was shown in chapter iii, words < 
fenn, Empirical Loyic, p. 322. 
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their import according to the context in which 
they occur. For long ages, men did not attempt to 
make explicit the common element in these numerous 
occasional meaning;!, with the natural result of a 
want of precision in thought, which became more 
and more pronounced as both life and thought 
became more complex. Socrates was the first who 
began to enquire systematically what general mean- 
ing could be found as a constant element in all the 
specific meanings of words as used in actual speech. 
He enquired, as Xenophon tells us, into " what was 
pious, what impious ; what honourable, what base; 
what sobriety, what excess ; what courage, what 
cowardice ; what a state, what a statesman ; what 
the government of men, what one who was capable 
of governing them. And so too on other subjects, 
the knowledge of which he thought rendered men 
honourable and good, but ignorance of them fit only 
to be designated as no ljetter than slaves." l 

The method of Socrates in these enquiries, as it is 
shown us in the writings of Plato and Xenophon 
was, in all essentials, the method by which modern 
science investigates the nature of reality. It was to 
examine different cases in which a term was applied, 
and by comparing them with cases in which the 
contrasted term was used, to try to determine what 
was the essence of the idea of which each word was 
a symbol. Nor was this — or is it ever — -a question 
of mere words. For, as all the meaning of a word 
must be justified by the reality to which it refers, a 
determination of meaning is a determination of facts 
of reality. A verbal element dissociated from any 
meaning is, indeed, not a word at all. If a native 
of China were to address me in his native tongue, 
the sounds he uttered would be words to him, but 
1 Memorabilia, Bk. I. , c, i. 
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not to me. True learning of words in, then, true 
learning about facts ; and, as has been already said, 
there can be no learning of fact- wit.ln.nil word", m 
it any rate, without some kind of language-itigni. 1 
The aim, then, of such enquiries an llumt- of 

Socrates is to discover what common n*l d I 

in certain facta to justify the marking "I" thorn b] 
the same word. The expression of such a common 
nature is a statement of the general moaning of the 
word, and this meaning, regarded ai n mental Cad i 
called a concept. All ideas corresponding lo word* 
are of the nature of concepts, for they are all, to 0AM 
extent, a grasp of meaning. But tin.' term ' <■■•<•< "pi, 
when used strictly, implies a meaning or Ida (rbJon 
is precise and accurate, and such a ooneept i Ml «dj 
be attained by a careful proneu of mud', i 
auch as Socrates began, and which wo MH 
much more accurately, and apply lotnw 
range of reality, by the aid of the Indnel 
The final outcome of such a prOOSOl in dafrnJUafl 

§ 3. — Definition, then, is an exprOM 

meaning. It does not, however, neeon t luatudt 

al! that general meaning. The aim of di I 

to be as brief aa possible, con sin thirdly with pnil*" 

accuracy. But any anaiy«i« of il>< ft 

of things which is puitlied very far Ami thai 
common qualities an in Mftaill OHM M MtMMtafl 

together that some can be dttifld Cm to I I I 

example, amongst the qttaMtftJ 0OB "II rMri 

angled triangles are thorni of being in 

semi-circle, and of having the. iqu P 'J,, bypo 

teneuse equal in area to the mini of i.h« aaB fl W «u 
the sides. But both th*M ehwaetal i-d.i'r.i, im wi.JI ax 
many others, can ho dnduritively infi ired frum 1 1 1 ■ < 
triangle in right-angled. Then dtttftA 
' Cf. pp. 4&— «. 
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qualities, which are technically called Properties, are, 
then, not expressed in the definition, because they are 
implied by stating in it the characteristic of having 
a right-angle. Similarly, such properties as being able 
to invent tools and generally adapt his material 
environment more or less perfectly to his own needs, 
to study various branches of knowledge, to write 
poetry, paint pictures, establish systems of govern- 
ment, etc., are all properties of man inferrible from 
his possession of a rational will, and, therefore, would 
not be included in the definition. 

Again, there are other qualities which are some- 
times common to a whole class, and which we yet 
do not consider essential to the nature of that class. 
Were they absent in any case we should still apply 
the name, so long as what we consider the more 
fundamental qualities were present. Thus, all swans 
known before the discovery of Australia were white, 
but when birds essentially similar in structure and 
mode of life, though black in colour, werefound, no 
hesitation was felt in including them in the class 
swans. Such qualities are called Ao'i'kutaf Qualities 
or Accidents. It is evident that every individual 
thing has also many such accidental qualities ; in man 
we call them ' personal peculiarities.' 

In some cases, as in those just taken as 
examples, it is easy to see which are the derived, 
and which the more fundamental qualities. But not 
infrequently, especially in mathematics, this is a 
matter of arbitrary choice. For example, the equality 
of sides and of angles in an equilateral triangle are 
inferrible from each other. Which of these qualities 
we include in the definition, and which we conse- 
quently relegate to the rank of a property, Ls purely 
a matter of choice. Outside mathematics it is in 
many cases impossible, at any rate with our present 
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amount of knowledge, to trace any sncb 
connexion at nil. 

It follows, then, that a definition state* a mom 
or leas arbitrarily chosen group of attribute*, which 
form what is technically called the ro-nnotatum of tbe 
word. It enunciates what we esteem the moat 
important qualities. But importance la a] way* 
relative to some purpose or theory. Hence, " a 
new principle or theory will often effect a 
change in the order of dependence 
which the attributes are regarded." 1 Many example* 
occur in the history of mathematics, but the moat 
interesting to the general render ia the resolu- 
tion in this respect introduced into the biological 
sciences by the theory of evolution. " It is not —> 
much that we have discovered new facta abo«t the 
plants and animals as that a new theory baa com- 
pletely altered the relative importance of tbe fact* 
that were already known."* 

Our definitions, then, eannot claim finality. Any 
new development in knowledge may lead t" » yr>4imn-i 
modification of many definition*. Thwa, with M» 
tific terms, as Dr. Venn Bay-, "»heir F ™. 
their life."* Every change ««f defimt.-,.. ,- ."-pi- 
only after a vast amount .A care*. I Hd . •™ 1 
i i .1 e :„,..!.(■* an advance in know- 

research .and, therefore, im[d * * f ( ,„. ,,„,, 

ledge, either of the fact-, iiivo'w." ,r . 
which unites then, and ^**Z^S™*< «* 

With the words of <"*J^Tg 2 irbwf nation 
bility is desirable, for wort* ™£j ^aufamtXj their 
must change their meaning. -^ 4jr 4 , on ,,n«»ii(.-aUoii l,y 
application, hut slowly, «f a ." ..'^Ju^ly ditlit-ult, esp©. 
language would become i»« ^ ,„ 1(jt |,er, if, indeed 
cially between one ge.nerat><" 
' Venn, op, fit., p. 38 * - 
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it did nut become impossible. Of course, meanings 
do change in every living language, and travellers 
amongst savage tribes with a purely oral language 
tell us that this change is so rapid that in the course 
of a very few years what is practically a new language 
has developed. The reduction of language to writ- 
ing, the diffusion of books made possible by printing, 
and the general ability to read them, do much to 
increase the stability of a language. During the 
last three centuries, for example, many words have 
changed somewhat in meaning, as is evident from a 
comparison of Shakespeare and of the Authorized 
Version of the Bible with current usage But the 
change has been comparatively small, and we have 
no difficulty in understanding Elizabethan writers. 
Thus, the treasures of the past are open to us in a 
way they could not be did language change rapidly, 
i § 4. — Again, as every definition states a more or 
leas arbitrarily chosen group of common attributes, it 
is evident that it is only one way of stating meaning. 
But it is the most precise way, for it expresses just 
what the most competent auihorilies regard as the 
meaning of the word ; in other words, it expresses the 
value of the term in the existing body of knowledge. 
Definition is, therefore, not a question of individual 
choice and caprice, but of established usage, and the 
final appeal must be to those who are most competent 
by knowle Ige to determine that usage. This is re- 
coguized in science, and the whole essence of scien- 
tific language is the exactness and precision with 
which it uses its terms. Willi ordinary speech there 
is much less precision, simply because it expresses 
much less exact thought. " As long as popular 
thought is vague its language must he vague ; nor is 
it desirable too strictly to correct the language whilst 
the thought is incorrigible. Much of the effect of 
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poetry and eloquence depends upon the elasticity and 
indirect suggestiveness of common term*." l 

But this want of precision in language in a fruitful 
source of misunderstanding and of confusion of 
thought, and it is obvious that it muni be connned 
within recognized, if not very precise, limits. In 
other words, whatever else a word may imply in any 
particular passage it muBt at least be held t„ imply m 
fixed nucleus of general meaning. The f.tat<-n.ent of 
this is the definition. This may not be taji 
present to the mind of either the user or the receiver 
of the word, but it must be held to be implied, and 
if the word is used with a correct reference to reality, 
that assumption is justified. To r..:.J 
sciously implied meaning clear to the wind m tu 
make an advance in knowledge and in cletumeai „( 
thought. With the individual, a* with Uut race, 
knowledge of meaning is at first very Imfm fall, ami 
consists in a few of the (striking <jij.-. 
the objects to which the name i« applied. Tbe 
essential thing for the purpose* of ordinary ciiiimuu) 
cation is correct reference to reality. I( n youiij/ 
child ia asked what he means by a 'cat,' he will peg) 
bably point to one, if one m in >i^)it, aad »ay •»_ 
thing like that.' It is only by judiciou* ija ■ 
that he can ba led to make explicit in fall nd] 
meaning which is really then-, and t<- refer to tfw 
cat's fur, shape, mode of utterance, power ,,i . 
ing, and other obvious ijualities aw loimirig the mtm 
ing or content which 'cat' has for him. And j n 
many eases the application of the name to pu 

examples — its denotation, us it is technically called 

remains a very prominent part of the meaning |» us. 

So long as we have sufficient knowledge f t , ne lllUur( ' 

of things to guide us in our practical needs, both of 

1 Carvulh Read, Logic. Dtductiot and ImtuclWe, p. »j 
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thought and of communication, we do not push ouf 
enquiries further. "To the very last, in moat of ub, 
the conceptions of objects and their properties are 
limited to the notion of what we can do tcilh them. 
A ' stick ' means something we can lean upon or 
strike witli ; ' fire,' something to cook, or warm 
ourselves, or burn things up withal ; ' striDg,' some- 
thing with which to tie things together. For most 
people these objects have no other meaning." 1 It is 
only when, for any reason, we require our knowledge 
of some class of things to be very exact, that we 
strive to obtain a precise definition. The power 
to give an exact definition, then, may be said to be 
a mark of scientific thought, as distinguished from 
the looser thought of every -day life. 

It is now clear that inability to give a precise 
definition is by no means a sign of inability to think 
and speak correctly and intelligently of the matter 
in hand, so far as we require to do so in ordinary 
life. Many people are surprised to find they cannot 
give an accurate definition of such common terms as 
'table' or 'cow,' if they are called upon to do so. 
It does not follow that they know nothing about 
tables and cows. They may even be carpenters 
or graziers, and so know a great deal about them, and 
yet be unable to define their name, though they could 
give a more or less full and accurate description of 
the things to which that name applies. This often 
only means that they have never closely analysed 
their knowledge. In other cases it implies that 
though they know many of the common qualities 
they do not know all those which i 
regarded as the definition of the na 
it shows that the meaning has nevi 
' l thought from the actual things, or the mf 
1 James, Talks to Teachers on 1'ayclido'jy . p. 59. 
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images of those tilings, in which that meaning u 
exemplified. 

It fallows that the definition of an unfamiliar 
word, no matter how correct it may be, may convey 
little or no information to one who, by amtlvsis of 
90Ur eases, lias never reached the elements which 
we combined in that definition. As Dr. Venn 
says: "It must be understood , . . thai definition 
is but one way, and this a somewhat technical 
way, of conveying a meaning to any one who is 
in doubt. To raise the requisite experience at first 
hand, or by exercise of imagination, may often be 
the most effective plan." 1 In brief, definition is 
always abstract, and says but little to those who, 
like young children, cannot detach their thoughts 
from the concrete experiences of life. Definition, 
like the recognition of law, is the end, not tin- begin- 
ning, of a process of acquiring knowledge. 

§ 5. — Again, the unit of thought-expression is the Limli.c 
sentence ; the idea contained in the sentence is Uc1in ' t ' r 
grasped as a whole, and not built up by joining 
together the meanings of the individual words 
which constitute it. It follows that the power to 
understand a sentence in its context, and the power 
to define the separate words of which that sentence 
is composed, are largely independent of each other ; 
either may exist in the absence of th'- otiHB 
We see, then, that in actual thought the demand for 
a definition is always more or less exceptional. And 
when such a demand is made, it always implies Isith 
knowledge and ignorance. There is ignorance of the 
true force of this particular word, but knowledge of 
much of the context in which it occurs. Without 
this combined knowledge and ignorance the mind 
•ould not ask for a definition. Such a demand may 
1 Op.cit., p. 279, 



THE LOGICAL BASKS OF EDUCATION" chap. 

atisfied either by an appeal to authority or by a 
anal investigation of the facta. The former is, 
jui-ae, the more rapid and usual method, but the 
sr, if thoroughly carried out, leads to the more 
ougli knowledge. It is well, then, to encourage 
search for definition. But it must be recognized 
there are limits to such a search, for every 
1 cannot be defined. We can get to nothing 
; simple than the final results of an analysis of 
3- impressions. We can analyse an actual object, 
instance, into its weight, form, colour, ic, and 
an analyse the form into its geometrical elements, 
we cannot go further than this, and when we 
; reached the end of the analysis we have readied 
limit of the power of definition. We cannot 
ie ' blue,' or ' sweet,' or ' pleasant ' ; for we have 
simpler forms of language to express such un* 
ysable elements of experience, 
gain, all definition implies common qualities 
Dssed by a class, but separated in thought from 
individuals in which they are found. In the 
of words known as ' Proper Names ' this separa- 
never takes place. The very term ' proper ' 
ies that such a name is peculiar to the individual 
bears it. A proper name is not given to a 
an or place because of the presence of certain 
itiea ; therefore, it does not imply any qualities 
t individuals who may happen 
ie. All 'men' are related to 
nan,' as instances in which 
i exemplified. But there is no 
general idea corresponding to ' Smith ' or 
ies.' Each particular Jones has, of course, 
merable attributes, and these are known more or 
to his friends, and give meaning to his name, 
the name is not given because he possesses those 
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the application of the definition ; if it omits part of 
the connotation, its application may be improperly 
extended. 

(2) With regard to expression, the aim is to 
secure definitcness and precision. Thus the definition 

(ft) .Should Hot be mere tautology. 

(6) Should not be slated in vague language, 

(e) Should not be negative -unless Ike whole 
meaning in a negative one. 

With regard to (a), the content of oji idea is 
evidently not expressed by giving that idea a new- 
name. For example, to nay " Veracity is truth," 
does nofc state the qualities of character and conduct 
which compose our idea of the virtue in question. 
It by no means follows, however, that such tautologies 
are useless. They generally consist in affirming that 
a new and unfamiliar term means exactly the same 
as a familiar one. A child might well know what 
truth is, and yet not recognize it under its new 
label of " veracity " ; to learn tliat the two terms 
are synonymous increases his knowledge of language 
though not of virtue. The common definition, 
" A noun is a name " comes under this head. 
Logically it is a tautology, but practically it enables 
the child to ticket a familiar idea with a technical 
label. To ask him to define a name would simply 
be to confuse him, for it would be to insist on 
an analysis of an idea so simple to him that no 
analysis is required, and no analysis would make it 
clearer. 

(6) The demand for clearness is most important. 
The definition of a name as " a word taken at pleas- 
re to serve for a mark which may raise in our minds 
thought like to some thought we had before, and 
which, being disposed in speech and pronounced to 
others, may be to them a sign of what thought the 
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ample, mean!! more than i; 

it implies the presence of a certain amount of positive 

misery. 

§ 7. — So far we have considered only definition, but 
it must he remembered that definition and classifica- 
tion are correlative, and proceed together. Turning 
now to this other aspect, we see first that classification 
is a mental organization of experience on the grounds 
of recognized resemblances and differences. This 
includes, in the first place, the grouping of particular 
things, as of a number of objects under the term 
' rose,' and, secondly, the grouping of classes, as 
' rose ' and ' lily ' under ' flower.' That all classifica- 
tion is a mcuf'.d construction must be insisted on. 
In exceptional cases such an organization may be 
carried out in the material world, as in a museum or 
library ; but even then it existed mentally first. In 
other words, every class implies a definition, for it ia 
based on the explicit recognition of a common nature. 

Now it is evident that any particular thing can be 
thought under many classes. ■ Every quality we can 
detect in it is a possible basis for classification. 
We could, for example, class all the material objects 
in the universe under distinctions of colour, and to 
some extent the artist does so. In practice we are 
guided by common sense and common speech, which 
embodies in this respect the common sense of our 
ancestors. We try to classify things so that the 
classification will be most serviceable to the special 



purpose we 






l hand. The botanist and the 



medical man, for instance, would classify plants in 
very different ways, the market- gardener would give 
yet another classification, and so on. And to these 
various classifications would correspond various spe- 
cial definitions. This explains why a word often has 
a. meaning in some particular science different, to 



the i 
-ay 
rhib 
I > cIji 
that 



DEFINITION AND CLASSIFICATION 

b extent, from its meaning in ordinary , 

The definitions of ordinary language an- l»aj»«l upon 
c fam ttcafcion which rlniln in thi Mat (p-wra! 
Kay widi the whole nature of the objaeta ctnaiilrd ; 
aiilsi thaw ^f a particular MMOM may be baaral m 
i classification which emphasizes only ooe mde td 

that nature. 

—The first and mum obrioaa or of 

classification is to group cxhacutii —ij the 

denotation of the 

groups are exclusive of 

be secured if we confh> 

each step of the 

symbolically : If we have a ch» O vluaa- «M 

quality D throughout it* mi-wI in, fcae *■ •• 

forms d, d, . . . d w w* away ww W R> 

riple on which we divide ih* 
« 0, into the sub-clasaea, or 
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(1) That no individual w P 
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meaning of G, or we could not use it as a basis for 
division. We have, therefore, enclosed it in brackets. 
If now we turn to the definition of the sub-classes, 
we nee that every one of them possesses all the 
attributes included in the definition of G, and that 
they arc marked off from eacli other by the various 
modifications of D, vk, d t d., . . . d„. These are 
technically called the Differences of the co-ordinate 
species. Hence, it is evident that we may suffi- 
ciently define S, when we state its genus (G), and 
the particular difference (dj), which marks it off 
from co-ordinate species under the same genus. In 
other words i in definition or connotation 

B^Gd,; S a = Gd,; .... S„=Gd n . 

This is not only the most convenient, but also the 
most scientific way of expressing a definition, as it 
assigns both the place of tlie species in the classifi- 
cation and the basis on which that classification is 
made. It recognizes, too, that a demand for defini- 
tion implies considerable, though incomplete, know- 
ledge of the matter in hand ; it assumes that both 
G and D are known. 

As a concrete example we may take — 
Plane Triangles 



' 



I , 



Triangles 



Here the basis (D) is the mutual relations of the 
lengths of the sides, and of this we find three, and 
three only, possible modifications : equality of all three 
sides ; equality of two only ; inequality of all. 
Hence the classification is correct. The same genus 
might be classified on the basis (D.,) of the relations 
of the angles into right-angled, obtuse-angled, and 
acute-angled. We have, then, two possible classificn- 
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tions, each equally perfect, and each import Ait L fur 
certain purposes. But they are independent, and to 
mix their results is to vitiate both. No doubt after 
classifying on one basis, we may proceed to apply 
the second principle to as many of our species an it fa 
adapted to, and so take a second step in classification. 
For example, the three-fold classification on the basis 
of the relation of angles can be applied to the species 
isosceles and scalene in the classification based on the 
relations of sides, but not to the species equilateral, 

Much confusion is frequently caused by neglect of 
this necessity for singleness of basis. Many school- 
books on grammar, for example, classify nouns into 
Proper, Common, and Abstract, where two bases are 
confused together, for the distinction between Proper 
and Common is founded upon the scope of the Brndi- 
cation of the name, whilst Abstract — which should 
be correlative with Concrete — refers to the kind of 
existence of the things named. 

Or again, sentences are often divided into Simple, ' 
Principal, and Subordinate, which brings in yd 
another confusion. For whilst Simple and Compleo 
are species under the genus Sentence, Principal run I 

Subordinate Clauses are constituent parts of n. •■ 

plex sentence, and not species under that genus at 
all. As we have seen, we can define a species by 
naming its genus and difference, but we cannot, say 
that a subordinate clause ia a certain kind erf am 
plex sentence. The division of a complex ^-mr,,,,. 
into its clauses is, then, an act of partition similar t.„ 
dissecting a flower or an animal; its results *,,, 
constituent parts of a whole, not specs u „,|er a 
genus. This distinction must be clearly I,..,,,,. ,„ 
mind; to enumerate parts which together cmsli,,,,,,. 
a whole, as, e.<i. the counties of England as makiii K 
up England, is quite a different menUl prom, i,.„ u 
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enunierat i rig specks tinder a genus. One test of a 
logical classification always in that the genus can be 
predicated of each of the species. 

§ 10. — We have seen that not only individuals, 
but classes can be grouped. In the examples we 
considered, each step of classification was on a new 
basis. Such a classification may be called Disjunctive ; 
its whole aim is to give an exhaustive enumeration 
of particulars oil the basis of certain resemblances. 
The value of such an arrangement is, as we have seen, 
relative to the special purpose with which it is made. 
So long as men thought the world was of com- 
paratively recent origin, and that the different specieB 
of organized beings were unchangeable and divided 
from each other by gaps which never had been 
crossed, and never could be crossed, such a classifi- 
cation was all that was aimed at. It is emphatically 
the kind of organization of knowledge sought on the 
plane of sense-perception. Nor did the investigations 
of modern science at once change the aim. It was 
only when such researches as those of geology 
showed the immense age of the world, and demon- 
strated that existing species are really modern 
successors to species very different in character, that 
a new aim in classification was consciously adopted 
in science. This aim was to take a single principle 
as operative throughout the whole classification. 

§ 1 1. — -The classification thus became Suhxumptive, 
that is, each sub-class was given a definite place in a 
hierarchy of classes exhibiting successive develop- 
ments of one principle. In special cases, such 
classifications had, no doubt, been made at all times, 
t.g. the ordinary alphabetical arrangement of an 
index or a dictionary is based throughout on the 
conventional order of letters in the alphabet. And 
there is reason to think that in other cases such 
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11 principle wu really operative before it was con- 
sciously recognized. For it is obvious that we may 
classify by starting with a distinctly apprehended 
principle and proceed to develop its dillerences, or 
we may start with particulars and try to group ihrm 
bo as to bring out some principle. In this latter 
case the principle is operative before it is appre- 
hended. As Darwin said, " Community of descent 
is the hidden bond which naturalists have been 
unconsciously seeking, and not some unknown plan 
of creation, or the enunciation of general propositions, 
and the mere putting together and separating objects 
more or less alike." ' 

When one governing principle such as this is 
operative throughout, each class has a definite and 
fixed place in the classification. Thus the two 
terms, genus and species, require to he supplemented, 
and in the biological sciences we have such terms 
as 'order' and 'kingdom' wider than genus, and 
' variety ' as a narrower term 

The adoption of the genealogical principle also 
affected definition, for it gave quite a new aspect to 
the ' importance' of Attributes. The characters 
which are important for indicating descent are often 
trifling from the point of view of the present life of 
the organism. "It might have been thought (and 
was in ancient times thought) tli.it. those parts of the 
structure which determined the habits of life, and 
the general place of each being in the economy of 
nature, would be of very high importance in classifi- 
cation. Nothing can be more false. No one regards 
the external similarity of a mouse to a shrew, of a 
dugong to a whale, of a whale to a fish, as of any 
importance." 4 On the other hand, rudimentary 

1 Origin 0/ Speda, p. ."MiO. 

- Darwin, up. ■■ i L, |>. 305. 
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organs which now play little or no part in the 
individual's life, an- of high importance for indicating 
descent. " Organs in a. rudimentary condition 
plainly show that an early progenitor had the organ 
in a fully developed condition ; and this, in some 
cases, implies an enormous amount of modification 
in the descendants." l The general or natural 
classification of organic beings i-. then "founded on 
descent with modification." ■ The dominant principle 
throughout is productive power. 

Nor is this principle by any means confined to 
biology. " If we possessed a perfect pedigree of 
mankind, a genealogical arrangement of the races of 
man would afford the best classification of the various 
languages now spoken throughout the world ; and if 
all extinct languages, and all intermediate and slowly 
changing dialect.?, were to be included, such an 
arrangement would be the only possible one. Yet 
it might be that some ancient languages had altered 
very little and had given rise to few new languages, 
whilst others had altered much owing to the spread- 
ing, isolation, and state of civilization of the several 
co-descended races, and had thus given rise to many 
new dialects and languages. The various degrees of 
difference between the languages of the same stock, 
would have to be expressed bv groups subordinate to 
groups ; but the proper or even the only possible 
arrangement would still be genealogical ; and this 
would be strictly natural, as it would connect 
together all languages, extinct and recent, by the 
closest affinities, and would give the filiation and 
origin of each tongue." 3 

We see the same principle of causation or produc- 
tive power as the basis of classification applied 



1 Darwin, op. i: 
» Ilnd., " 
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more and more widely, "Then' is tin- jlr. i, ..I 
-it ion into Solids, Liquids, itnd Oases. But 
these states of matter are dependent on fiiii]»'ratui* ; 
at least, it is known that many IkxIil-s nuiv, at 
different temperatures, exist in all three ^t.-ito*. 
They cannot therefore be defined as solid, liquid, Of 
gaseouB absolutely, but only within certain degrees 
of temperature, and therefore as dependent upon 
causation. Similarly, the geological classification of 
bodies, according to relative antiquity (primary, 
secondary, tertiary, with their subdi visions ), and 
mode of formation (igneous and aqueous), rests upon 
causation ; and so does the chemical clas^ilkatinn nf 
compound bodies according to the elements that 
enter into them in definite proportions." ' It is 
because the same principle cannot be applied to the 
elements themselves that chemistry remains so largely 
empirical. 

We see, then, that throughout the realm of know- 
ledge the idea of process is displacing the idea of things 
as the essential factor in reality. This is the natural 
result of the development of thought from the stage 
of sense-perception, through that of law, to that of 
system. To concentrate the attention of the young 
mainly on 'things' is, then, to arrest their mental 
development 

§ 1 2. — Of course the work of classification is not 1 
complete, and indeed, one does not see how it. ever , 
can be, for in the long ages of the past many data ] 
necessary to give such completeness to our pmiBt 
knowledge have utterly perished. But an knowledge, 
advances, so the arrangement of conti-uu of !■ Mil.y 
becomes more systematic and more accurate. Still, 
classification, like its correlate definition, MB WW be 

1 Carveth Read, Logic, Dtdaefii'e ai«l IndwKiv, pp. 2117 — 
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regarded as permanent, for such changes as have taken 
place in the past are going on in the present and may 
1« anticipated in the future. As past types have been 
replaced by those we know, so they in turn will give 
place to others. Evolution is a matter not of the 
past alone, but of the present and future as well. 
However, the changes are very slow, and an existing 
classification may well hold for many thousands of 
years. Whilst then, as Mr. Carveth Read well puts 
it, " a ijhishiliriitiiiii . . . represents a cross-section of 
nature as developing in time," l yet that cross-section 
largely corresponds to our knowledge. Our aim is 
to account for it. We may symbolize the develop- 
ment in time by a tree with its roots, trunk, branches, 
twigs, ifcc. We are amongst the branches and twigs, 
and we try to trace back their connexion with the 
root and so to get a knowledge of the kind of 
process which is developing. It may be that we 
must be forced to rest satisfied with tracing our 
origins back only to a few main branches ; but even 
then we have gained much insight into that general 
principle of development which is the life of the 
universe. 

§ 13. — When a principle of development is made 
the basis of a classification there is but one step to 
explanation. But it is an important step. For 
classification merely describes and arranges ; it gives 
no reason why the resemblances and differences on 
which it is based are what they are. It is the 
function of explanation to assign these reasons. This 
step is taken when the principle on which the classi- 
fication is based is shown to be a law of change 
actually operative in reality. In biology when it 
was shown that variations are in fact transmitted by 
heredity, and that the variations which survive a 
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those which aid the possessors in the struggle to 
maintain existence, it was possible "to comprehend 
and follow out in some detail those changes in the 
form, structure, and relations of animals and plants 
hich are effected in short periods of time, geologi- 
'ty speaking, and which are now going on around 
fiuch changes are shown to be necessary con- 
sequences of the operations of natural law. So 
always; explanation consist.! in bringing under law. 
A fact is to some extent explained when it is shown 
to be an instance of a law of causation ; an empirical 
law is explained when it is shown to be resolvable 
into wider and more elementary laws. 



I 



Professor Lloyd Morgan gives , 



i instructive illus- 



borrow: 

young 
years ago, wik>« - J .j 

tudent, a clever lad in Cornwall asked me the om 

luestion, ' Why does a stone fall to the ground I 



tration of this, which we will venture 
" A good many years ago, when I 



question, vvny noes a stone ia" •" — " „j;-„ 
Not™^ J put him off ?**£*&£% 
words, 'Lmversd crav tation,' I replied, 
is heavy/ - But a° feather is not heavy and yetjt 
falls to the ground,' was the prompt answe ■- . ^ ^ 
that the feather was relatively heavier ^^ ^.^ 
The lad was silent for a moment, " w kn(JW . 
' That's just one of the things 1 .j^ there like 
does the air fall to the ground and .^ j^^upe wo 

water in a pond, only we cannot ^^ ^^ this | att . 8 
are in it and it is invisible ? . ,j„ equ a ' *° *he 

powers of comprehension wer T o) " matter as best I 
occasion, and explained the who « te r jglit in sup- 
could. I told him that he wa f ' a »d the feather, 
posing that the air, like the » J poin ted out the 
was attracted by the earth ^ ^ lftW f Dature . 
universality of gravitation ft firgt question, I ^y' 
and then reverting to his ^^ ^ ? 
' Wallace, Darw*»* 
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' You now see that we explain the fall of the 
stone as a particular case of the action of a law that 
is universal in its generality.' He was again silent 
for a moment, anil then asked, ' But what makes the 
earth attract it after all 1 ' I laughed, and said, 
' You're a philosopher ! Nobody can answer that 
question. Perhaps you may live to find it out, or at 
any rate to understand the solution when it comes, 
as come it may,'" 1 

§ 14— It must l>e acknowledged, then, that there 
are limits to all explanation. We cannot explain the 
ultimate nature of reality. The demand of thought 
is satisfied when concrete experiences can be shown 
as the interconnexions of general laws. " The com- 
posite is explained by construction out of the 
elementary ; the elementary by interconnexion in a 
system ; the system as a totality is that which 
requires no explanation, being itself the explanation 
of all its component parts." s 

It is further evident that in some cases we can 
push explanation further back than in others. The 
extent to which this can lm done in any science 
indicates the advancement of that science towards 
perfection. When a science is complete " we are 
able by long chains of deduction to infer the indi- 
vidual fact without need of verification." 3 Thus 
physics and astronomy are much nearer perfection 
than is chemistry or medicine. 

§ 15 — All logical explanation, then, brings the 
particular under universal laws on the ground of 
fundamental identity. If the identity is not essen- 
tial the explanation is a vain one. " Hence the 
attempts to help the understanding by familiar 

i Pxyrhalowj for Tfarher*, pp. 128—129. 

'* Hiitlioiiso, 77,. Th-orif of /C-aoirleiJift, p. 449. 

» Ibid., p. 404. 
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§ 1. — We are now in a position to see the general 
bearing of logic on education. The function of 
education is to lead the child to find his true place 
and his true work in the universe. But before he 
can feel at home in the world, he must, at least to 
some extent, understand it ; so long and so far as he 
does not understand it, he is, as it were, a stranger 
in it. Logic analyses the process by which this 
knowledge and understanding of the universe have 
been gradually attained by the human race, and 
thus indirectly gives guidance to the educator in his 
task of leading the individual along the same path. 
The educator has to guide each pupil from the 
beginnings <>t' kiu.Avli.'d.ue iii sense- jx'rcepl ion, through 
the second stage of recognition of law, into the 
third stage, in which it is seen that all laws must 
find their reason ami explanation in system. 

It seems obvious that he who has made this 
process clear to his own mind will be better fitted to 
guide others than he who has not done so. He 
should have acquired logical habits of thinking, and 
these habits will influence his conduct and his 
teaching. Logic will not make him reason well, but 
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it will help him to do eo. And it will do thk not 
only positively but negatively. For the »lody at 

the characteristics of correct thought involves the 
apprehension of the various forms of arm to 
which thought is liable. Against these one ta more 
likely to be on one's guard when one knowi their 
nature than when one does not. Moreorer, a study 
- of logic makes it easier not only to snapect the 
existence of error but to recognize its exact char- 
acter. Logic will, then, help the teacher both to avoid 
inaccurate thought himself and to correct any neb 
inaccuracy in his pupils by making evident to ihew 
the source of the error. And this is very nn lainj. 
for owing to the limitations of their experience and 
knowledge, children are prone to make very rmab 
inferences. 

Nor have we in all this a reference only to the 
intellectual side of education. The univem which 
a child must learn to understand is a social and a 
moral universe as well as a physical one ; thr (^tU 
of experience with which he starts are found ia kL 
relations to his fellows as well as in thoae of the 
material world. In these facts, too, he must find 
laws, and through laws ho must pass to the com. 
caption of that moral system, in which alone he 
find the true freedom of rational and 9e!f-~»K 
activity. Clearly to conceive a purpose aadiS? 
gently to adapt means to its attainment, la 
the evidence for and against a line of „!/ T"*^ 
mental activities which have a direct 
the moral life. Indeed, to separate 
from moral training is to hinder and noi »4, 
true development of the pupil whicb „ • ' 
of the educator to promote, f,. "''unction 

says : " True development is the deiiilzf?' fc 0' 8nt 
, which is set, throughout „ J '" : ' "t ili»,i 
0,1 ** •tteinment, 
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in its world, of those objects which it takes to be 
right, and on the understanding of that world bo 
that it may be sure of their rightness. In such 
development it realizes freedom and wisdom for itself, 
and furthers the like realization by others." * 

Logic, then, has a bearing on the whole educa- 
tional process, so far as that process is rational. 
But the educator must not expect detailed guidance 
in his work from logic any more than from psycho- 
logy. Both sciences give general guidance only. 
Psychology investigates the forms of actual mental 
activity common amongst men and children, and, 
therefore, a study of psychology aids the educator 
by suggesting to him the best ways of awakening 
such activity. Logic, on the other hand, is regula- 
tive, and helps the educator to determine the general 
lines on which such activity should proceed to attain 
the goal of knowledge. By the character of his 
teaching the teacher largely deformities the character 
of the thought processes in his pupils. If the former 
is unmethodical and ill-arranged, if it permits invalid 
inferences, or encourages rash and unwarranted con- 
clusions, then the pupila will not be helped to think 
clearly and accurately, but will rather be hindered 
from doing so. But if, on the other hand, the 
teacher's presentation of every subject is well- 
ar ranged, if his inferences are not only just but 
shown to be just, if the importance of weighing 
evidence is insisted on, and no conclusions accepted 
which the evidence at hand does not warrant, then 
the pupils arc being unconsciously trained to habits 
of accurate thought. Thus all teaching should be 
' logical ' in the sense that it should bo the expression 
of methodical and valid thought. 

But the subject-n latter of the thought, and I 
1 Edmuionui E>uh, p. 290. 
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consequent character of the knowledge gained by the 
pupils can be determined neither by psychology nor 
by logic As we saw in an earlier chapter, logic 
examines into the general nature of the processes by 
which knowledge is attained. Whether the general 
conditions of knowledge thus brought to light are 
fulfilled in any particular case must be left to the 
special science in question to determine. .Similarly, 
the particular details of logical arrangement in any 
piece of teaching cannot be divided by an appeal I" 
logic alone. Logic warns us to insist on BufficiftDt 
evidence; but logic alone cannot decide when the 
evidence is sufficient. From it we gather tin- 
general conditions of sufficiency, but other know- 
luge must determine how far those condition* are 
fulfilled. Hence, logic, like psychology, give* only 
the broad, general, and abstract liases of educational 
method. But the guidance thus supplied may at leant 
help us to avoid the somewhat sweeping criticism 
of Kuskin that " Modern 'education' for the most 
part signifies giving people the faculty of thinking 
wrong on every conceivable subject of im|«>i(;ni" i<i 
them." 1 

§ 2. — The first point which logic emphasi/esin cducrv- I 
tional theory is that all true education must be rclati 
to the society in which it is given. It is an error far 
tooeommon to consider education exclusively from Mm 
point of view of the individual child. But a child 
is not merely an individual. He is equally a. number 
of a social organism, and into the life of that organ 
ism he is born as surely as be is born to his own 
individual life. Indeed, he is an individual only 
because he is a member of the social organism, and, 
therefore, his true individuality is expressed and h 1H 
true nature realized, so far, and so far only, as he 
1 Staume attd LUif, V- 38> 






260 THE LOGICAL BASES OF EDUCATION cha*. 

shares the common organic life. Education lias to 
prepare him to live his life in a society which has 
attained a certain stage of civilization and know- 
edge. It cannot do this hy ignoring these factors. 
Hence it is evident that we may be led very far 
wrong if we adopt as more than the broadest of 
general principles the maxim that "the educa- 
tion of the child must accord both in mode and 
arrangement with thy education of mankind, con- 
sidered historically." 1 Tins inference from the 
general parallelism between the development of the 
individual and that of the race has been a favourite 
principle with many educators since the time of 
Pestalozsi. And it is true that " in the education 
of the mind of the race, as in that of the individual, 
each different age and purpose requires different 
objects and different means ; though all dictated by 
the same principle, tending towards the same end, 
and forming consecutive parts of the same method." 3 
But to carry the principle so far as to find the only 
suitable material for the nourishment of the youthful 
mind in the intellectual products of the childhood of 
the race is to ignore many most important facta. 
As the modem child is a member of a very different 
social organism from that in which his savage ances- 
tors lived, so his mental life is different from theirs. 
He finds all around him a different way of interpreting 
the facts of experience, different views of what ia 
right and what is wrong, different conceptions of life 
and duty. All these he insensibly absorbs, for he 
learns to think and talk in a language which en- 
shrines them all, and they profoundly modify the 
development of his mind. Though the products of 
primitive times, therefore, appeal to one factor of his 
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individuality, they appeal to one only, and, as a con- 
sequence, they are not fitted to supply all tlie mental 
nourishment which he requires. In many canes, 
indeed, expressing as they do a stage of morality 
which was, in many points of practice, actually an- 
tagonistic to our own, they are quite unsuitable for 
leading a child to a comprehension of the morality 
which we desire him to learn to live. Such a mis- 
reading of the task of education is the result, of 
ignoring the hearing of logic on educational theory 
and practice and basing both on an individualistic 
psychology. So we are continually told that educa- 
tion means development. It does, but it means 
something more. Education is not mere develop- 
ment, it is training; and training implies an end 
clearly conceived by the trainer, and means carefully 
organized to attain that end. The ehild is much too 
immature to understand what he should aim at 
being, or consistently to pursue his purpose if he could 
conceive it. The educator's task is to assist in pro- 
ducing that which the child would wish to develops 
for himself had he a clear idea of his own nature, but 
■which he will never reach if left to himself. It is 
this external and universal aspect of education which 
the reference to logic emphasizes. 

This aspect is seen on the intellectual as much 
as on the moral side of the educational process. 
Here we must take as our axiom that knowledge 
exists, that laws and theories have been proved and 
shown to be true. This proof has been a process 
goiug on throughout the ages. With many a wandering 
by the way men have come in many cases to recoyiiizf 
the true connexion between the evidence they have 
and the conclusions which may be drawn from it The 
child must also be led gradually to appreciate the force 
of this same evidence. But his process is a more 
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direct one, for it is along a path determined for him 
by his teacher. He escapes the wanderings, but he 
follows the same general route. In this sense his 
development is parallel with that of the race, and 
the teaching is on historical lines. But there is 
another element. In the do termination of the objects 
studied, in the arrangement of the stages of study, 
in the use of scientific apparatus of various kinds, we 
have that element of appeal to authority which can 
never be absent from education. For in all these 
we have the immature- child accepting with unques- 
tioning faith the results of much slow mental work 
on the part of others. The child, for example, does 
not question the accuracy of his mierosco[>e, but the 
microscope embodies much knowledge of physical 
laws; these laws, in using (lie microscope, the child 
accepts on authority. Only so can he enter into the 
heritage of knowledge to which he is born. 
I S 3. — The next great lesson that logic, equally witli 
psychology, teaches the educator is that, the attain- 
ment of knowledge is the result of mental exertion. 
To educate is to train to think, for by active 
thinking alone is knowledge attained. Without 
active thought we cannot get beyond mere belief, for 
to pass from belief to knowledge means to sift and 
weigh evidence for oneself. This was clearly seen by 
Plato, and has been fivquently insisted on by later 
philosophers, but it has lieen yet more frequently 
forgotten. " Alas ! " says Coleridge, " how many 
examples are now present to my memory, of young 
men the most anxiously and expensively be-school- 
mastered, be tutored, lie lectured, anything but 
educated ; who have received arms and .'uinnuuitiim, 
instead of skill, strength, and courage; varnished 
rather than polished ; perilously over-civilized, and 
most pitiably uncultivated ! And all from inattention 
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to the method dictated by nature herself, to the 
simple truth, that as the forma in all organized 
existence, so must all true and living knowledge 
proceed from within ; thnt it tuny lie trained, sup- 
ported, fed, excited, but can never be infused or 
impressed." * The educator can no more think or. 
learn for the pupil than he can breathe or eat for 
him, and true teaching is leading another to think 
and to learn. 

It follows as a corollary from this that there can 
be no one mechanical method of tendinis; such as was 
dreamt of by Pestalozzi when he wrote : " I believe 
it is not possible for common popular instruction to 
advance a step, so long as formulas of instruction 
are not found which make the teacher, at least in the 
elementary stages of knowledge, merely I he mechanical 
tool of a method, the result of which springi from the 
nature of the formulas and not from the (kill of ( St 
man who uses it." - 

This neglects the fact that education han alwiiyx 
an individual aspect, as it deals with tlu lUri lopm ni 
of particular children. There in DO thlld III 
but children differ from evil ntln-r both (WWrtMHt 
and specifically. They differ gnurfaJll ftM4rdffl| i.. ( 
their nationality. A 'Jem l)> rt<nl in 

many points from an KriglJ-ii efafld, Hid I"'"' ''""'i » 

French child. To (fawn, th thai 

of education which bH bMfl £dW)4 HMMhAiJ in mm 

nation can be profl 

serious, and indeed radical, u 

is to fall intoaverydanser<iu» im*'-. ■ 

if put into practice, in c«k-wl»»«l '" 4» ""»' m^mw 

mischief. Then again, id**.* » "f fjtftfo N U i"»tr»«*|l« 

1 Op. Hi., vol. iii., p. 174, 

* Sow Gertmd t Teotlw 1m ■■,'<•*- !■} HulU*4 

anil Turner, p. 41, 
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teacher. To him they are not experiments at all, 

for the essence of experiment i* the mental planning 
of what is to be done and the clear conception of 
^»hy it is worth doing. If, on the oilier (moil, the 
pupil does this mental part of the work, it is com- 
paratively unimportant who curries out the actual 
> ■ 1 1 w ■ j i. ■ ; lI manipulation. 

The demand for heuristic methods, then, is not a 
demand- for a mainly 'scientific' course of 9tudy. 
''■Sense-impression of Nature," said Pestalozzi, "is 
the only true foundation of human instruction, 
liecause it is the only true foundation of human 
knowledge," l and quite a school of educators tell us 
the same thing. But unless a quite unjustifiable 
extension be given to the words "sense-impression 
of Nature," the premise is not true, Human ex- 
perience is not limited to Bense-impressiona of the 
material world, but includes all kinds of social 
experiences as well, and to exclude all consideration 
of these latter from any stage of education is to 
ensure an imperfect development of the humanity of 
tho pupil. 

§ 5. — Educational method must, then, be an active Method, 
process on the part of the pupil, and must show the Mothod' 
general characteristic* of defmiteness of starting- Ed - U ™ 0< 
point and of aim, and of orderly arrangement of 
means, which we saw in chapter viii were the 
essentia! marks of methodical thought. But here we 
see at once that there must be a material difference 
between the procedure of the original discoverer and 
that of the pupil in school. The discoverer comes to his 
task with abundant knowledge which guides him in 
selecting the material he will study, in concentrating 
attention on this or that aspect of the selected facts 
and disregarding the rest, in forming hypotheses, 
1 Op. at., p. 200. 
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and in inventing modes of testing such hypotheses. 
The school -boy ia in a very different plight. But 
we saw that without such preliminary knowledge all 
advance in knowledge is impossible. It follows that 
the teacher must supply it, and the distinction 
between good and had teaching is in the manner io. 
which this is done. The bad teacher tells the pupil 
certain facts and directs him to do this or that to 
illustrate those facts. The good teacher supplies the 
required knowledge by simply selecting and arrang- 
ing the facts so that, this great preliminary dilficult^^ 
is overcome, and then setting the pupil to work on thos.^ 
facts by himself. " It is needless to say," writer 
Professor Armstrong, " young scholars cannot h»« 
expected to find out everything themselves ; but tl~~»e 
facts must always be so presented to them that tine 
process by which results are obtained is made 
sullieioTitly clear, as well as the methods by which anj 
conclusions based on the facts are deduced." * 

The essence of good teaching is that it forms accurate 
and methodical habits of thought. But, as we have 
seen, methodical thought is emphatically thought of 
relations and of system. " The absence of method, 
which characterizes the uneducated, is occasioned by 
an habitual submission of the understanding to mere 
:nts and images as such, and independent of any 
a the mind to classify and appropriate them, 
e general accompaniments of time and place are 
the only relations which persons of this class appear 
to regard in their statements. As this constitutes 
their leading feature, the contrary excellence, as 
distinguishing the well-educated man, must be 
referred to the contrary habit. Method, therefore, 
becomes natural to the mind which has been accus- 
tomed to contemplate 
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hness witl] which it |n ■; 
i utterly insuil ■ ■'■■ 
ralize every ubscrw.l I 
i mind, and is both 

i of language. A 'In---. of enttdfWI "i'i 
; two or three eKUnplM "I till i tfMUtoR rjf 
s by heat, frequently rohan to tin km 

11 metals, cir even "II toUAt, expand I, , 

tion of heat, Ami I (tan I i .- .. i. , 

, such a general i/jitij-(p a*, «idi n fnw .-» 

e, a valid totmoB* To do thla i,. ( .. 

but it most Mrtiinlj i* not to 
teach scientifically. It [*, indeed, to mil Urate thai 
habit of raehnees in drawing ooneluiiona, and that 
inability to estimate the force uf evidence, which it 
is the special t4isk of education Ui replace by i)m 
very opposite qualities. Tim evidence in the hu|i- 
posititious case we have taken will not even justify 
the assertion that thoso metals which the children 
have just seen expand under heat will do so under 
all conditions of initial temperature. The generali- 
s only the first wild guess of the 
1 Coleridge, op. «'(., pp. 107—108. 



260 THE LOGICAL BAKES OF EDUCATION chap. 

untrained mind ; to treat it as a valid inference is 
to introduce utter confusion into all conception of 
scientific method. Mr. I lerbert iSpencer objects to 
the teaching of languages, because he thinks they 
encourage dogmatism on the part of the teacher. 
It is to be feared that much of the ' science 
teaching' in schools encourages dogmatism on the 
part of the pupils, and one may bo allowed to think 
that the dogmatism of ignorance is worse than that 
of knowledge. As Mrs. Bryant well says, "the 
mind which is active needs also to be docile," 1 
- Nor is dogmatism on the part of the teacher by any 
means absent from the ordinary lesson in science. 
In very many cases the evidence which can be 
offered to a class of children in support of a law 
in natural or physical science is necessarily in- 
suHicieut to establish that law. As a result, the 
law is guessed at by the children, and either their 
guess is accepted as a valid inference from the facts 
observed, or the teacher rightly treats the guess as 
nothing but a guess, and then tells his pupils 
dogmatically that the guess is known to be a true 
one by evidence which they cannot comprehend. 
This latter course is certainly preferable to the 
former, for the very essence of a goixl method is tu 
mark exactly how far the evidence offered will 
justify the mind in going. The question for infer- 
ence is not the scope or accuracy of the conclusion, 
but the sufficiency of the evidence on which that con- 
clusion is based. One of the chief advantages derived 
from the teaching of natural or physical science 
should be the recognition by the pupils of the 
difficulty of arriving at truth, and of the need of 
caution in making inferences from insufficient 
evidence. It must still be to mathematics and 
1 Educational Eiulu, p. '265. 
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some danger that the purely instrumental and pre- 
liminary character of such observation may be lost 
sight of, and that the child may remain in the very 
first stage of knowledge. Even when this danger is 
avoided there remains that of arrest in the second 
stage of abstract law. " Proceed from the concrete 
to the abstract," says a favourite maxim of the 
educational text-books. But this is only half the 
process. The mind should not rest in the abstract, 
but having found abstract relations in the concrete 
facts of experience, it should not only understand 
those facts better, but should also have a key to the 
understanding of many other concrete facts. With 
the concrete we should begin, and with the concrete 
we should end. 

But the concrete With which we start is vaguely 
apprehended as a whole which seems simple to us, 
because our minds have not analysed it and found 
that its elements arc many and complex. On the" 
other hand, the concrete with which we end is one 
definitely and clearly grasped, because the combined 
processes of analysis and synthesis through which the 
mind has passed have shown it to us as a complex 
whole of inter-related elements. It is this develop- 
ment of the concrete idea which seems to be intended 
by those other common maxims, "Proceed from the 
indefinite to the definite," and "Proceed from the 
simple to the complex." 
. It will be seen that these last two maxims refer 
primarily to the kinds of ideas we have of things at 
the beginning and at the end of a process of ac- 
quiring knowledge. Much mistaken teaching has 
been based upon an application of the latter of them 
to the arrangement of the material of instruction. 
For in the case of the matter of knowledge, the 
"simple " arc the ultimate and abstract elements and 
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ing his end. In true system, starting-point and end 
have become organic parts of one whole construction. 
Rightly and fully understood, the maxim " Proceed 
from the empirical to the rational " is more funda- 
mental than any we have considered, for the "em- 
pirical " are the facts of experience of all kinds, and 
the "rational " is that ultimate system in which 
alone explanation is found. In making explicit the 
method by which this advance can be made, logic 
renders its greatest service to educational theory. 
For the possibility of arrested development of which 
we have spoken is the greatest danger to which 
education is liable. "The good observer . . . may 
not have gone far enough to make him more than a, 
good observer ; he may have been stopped by the 
difficulties of abstract, attention in clear judgment, or 
his thirst for knowledge in its true form of complete 
unification may have foiled him later on. This latter 
case is, perhaps, not uncommon." 1 Dr. Harris ex- 
presses the same fear : " It is believed that arrested 
development of the higher mental and moral faculties 
is caused in many cases by the school. The habit of 
teaching with too much thoroughness and too long- 
continued drill the scmi-nioehiniica] branches of study, 
such as arithmetic, spelling, the discrimination of 
colours, the observation of surface and solid forms, 
and even the distinctions of formal grammar, often 
leaves the pupil fixed in lower stages of growth and 
unable to exercise the higher functions of thought." 2 
It is only when teachers clearly apprehend the exists 
ence of this danger, and understand how knowledge 
devclopcs from the lowest stage to the highest that 
our schools will do the work the country has the right 
to require of them, for only then will they make 
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moat and the best of \bt riaaar j 
And it is only by making the m»: a»o : 
any individual that we can tborovgWy fit 
the moat and the best for the oobdo 
corporate life he shares. Far the —Mir. 
moi* skilful a man is, the more fully 
will he fulfil those functions which the i 
stances of his life set before him, which tf* com- 
munity demands as his duties, and which be will 
himself delight to render, just because, being wwe and 
good, he lias truly conceived his place and function 
in that system of the universe of which he forms an 
integral part. 
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Analyse tlie following inferences, determine 1 
nature, and estimate their validity — 

1. All these boys are both mischievous and clever ; 
therefore cleverness and a love of mischief go 
together. 

2. A prudent man avoids catching cold; a man 
cannot be a. successful merchant unless he is prudent ; 
therefore all successful merchants avoid catching 

3. To say that every rule has an exception is to 
talk nonsense, for as the assertion sets up to be a 
rule, it contradicts itself. 

4. " If thou wert never at court, thou never 
sawest good manners ; if thou never sawest good 
manners, then thy manners must be wicked ; 
and wickedness is sin, and sin is damnation. 
Thou art in a parlous state, .shepherd." — -Shake- 
speare : As you like it, Act iii., sc. ii. 

5. If all prophets spoke the truth some would he 
believed ; therefore as none are believed it is certain 
none speak the truth. 

6. If boys were always found out and punished 
when they did wrong they would cease to offend ; 



I 



therefore, the fact that boys do not invariably 
what is right proves that punishment does not alwi 
follow their offences. 

a never found without B, and B is never 
found without C ; therefore C ia never found with- 
out A. 

■ Brighton is south of London 
west of Brighton ; therefore Londo. 
Exeter. 



and BulM J* 
in north wat <> 



9- I don't believe it, for I saw it in a ne 
and newspapers are always telling lien. 

10. Jones must succeed in the world, for 
honest man, and dishonest people never praper, 

11. If a man has been properly taught he < 
teach, for experience m all that in wanted 
teaching, 

12. "When a fact in supported by no ■■ 

the statement of a single man, bwawr br u i t I 

™ a J* he, historians ought not to anaert It, tari to i 

■s men of science do— give the reference (Thiw 

i'des states, Gesar says that . . ■ )J tl.w i. all tl 

^ave a right to affirm." Lang!"'" and MfBri 

'tfrot&fflJion to the Studs/ °f Bi^onh V- V)1 

*& "If our printed book* ■»" **•" « ni , 
aviaions of author and printer'* reader, are Mill lait 
imperfect reproduction, it is only U, lx: npwtod that 
Mcient documents, copied and recopi"! a- tta bun 
oeen for centuries with very Wttle car--, and «-»,m»,,| 
at every fresh transcription t« - 
Son, should have reached u» f" 11 « m«M«cBsa, , '~ 
Rid,, p. 73 

14. "The Rev. Hild««c Fri.:.«1 *™»*. f,„ Uu! 
genuineness of the following * . ' I„ Wln 

village of S-, near Un»ti»S* **%*«* • <*«*, 
»ho had named their A"^ 1 ^™ *LP*»- Im 
child sickened and died, *"** wh * n ""^ -W^w 
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was born, she was named after her dead sister. 
But sho also died, and on the birth of a third 
daughter the cherished name was repeated. This 
third Helen died, " and no wonder," the neighbours 
said; "it was because the parents had used the 
first child's name for the others."'" — Clodd, Tom 
Tit Tot, p. 137. 

15. "Iu all unhealthy countries the greatest risk 
[of fever] is run by sleeping on shore. Is this 
owing to the state of the body during sleep, or to a 
greater abundance of miasma at such times 1 It 
appears certain that those who stay on board a 
vessel, though anchored at only a short distance 
from the coast, generally suffer less than those 
actually on shore." — Darwin, Journal of Voyage nf 
EMS. BoogU, p. 441. 

16. " I find that a certain plant always grows 
luxuriantly on a particular kind of soil ; if my 
experience of the other conditions be sufficiently 
various, I am justified in concluding that the soil 
probably possesses certain chemical constituents 
which are peculiarly favourable to the production of 
the plant." — Fowler, ludwtlve Logic, p. 139. 

17. "Publius Nigidius Figulus [was] a Roman of 
the time of Julius Ctesar whom Lucan mentions as a 
celebrated astrologer. It is said, that when an 
opponent of the art urged as an objection the 
different fates of persons born in two successive 
instants, Nigidius bade him make two contiguous 
marks on a potter's wheel, which was revolving 
rapidly near them. On stopping the wheel, the two 
marks were found to bo really far removed from each 
other." — -Wliewell, History of the Inductive Sciences, 
vol. i- t p. 226. 

18. " The only proof capable of being given that 
an object is visible, is that people actually see it. 
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The only proof that a sound is audible, is that people 
"■•" '' - andsoof the other sources of our experience. 
11 'Iff maimer, I apprehend, the sole evidence it is 
possible to produce that anything ia desirable, i* 
Wiat people do actually desire it."— Mill, Vtili 
f '"iam*m, pp. 52-3. 

19- " Soheiner [one of the discoverers o! the epott 

on the sun] was a monk ; and on commi *tfng to 

the superior of his order the account of the apott. 
received in reply from that [earned father a ■ofemn 
admonition against such heretical notions:— ' I bav« 
searched through Aristotle,' he said, 'and Mt) Blid 
nothing of the kind mentioned: be aanured, there 
fore, that it is a deception of your oeniea, or "*' your 
glasses.' "—Baden Powell, History ■■/ Natural 
Philosophy p. 171. 

20 - "When the palace of Nieomedta, end even 
the bedchamber of Diocletian, having been on flni 
twice within fifteen days, the people entirely refund 
to believe that it could be the remit of WOtdenl " 

« J evons, The Principle* of Sci'-nr,; p. >±M. 
21 - "A person might eUppoM thai At BMOU« 
»Iours of mother-of-pearl wvre ''"- W *« « lot] 
PaUtiw of the substance. Mueb trwbli I |,, 
iav e been spent in following out that n,,!.,,,,, . 

sparing the chemical qualH- '" "'" J . . , 

substance,. But l!,vws..-r „ - . . . i ■ » . I.UIj \ „,, JJ 

Pression from a piece of mothW^P-rl 

* resin and lies"-—. '"" " t.„ "• 

repeated upon the surface of tM wa M»M"'^ !( .„ '"H 

to take other impression* tn W .,,,1,1, „ '•,, 

J ead. gum arabic, feta**"** A " ' '.' ' «*»yi f, J -'i| 
the iridescent colours the-* Hi «,„ '.., j 

that the chemical nature C* ' »'. ■ J '• , /"v 

<* indifference, and that *>><> I i „„ ' -. M ^ 
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I action, must obey the Urge social lav to 
which tbey are all •obonfiaaw. And the pjww of 
the larger lav is ao irresistible, that neither the Ion 
of life, dot the fear of another world, can avail any- 
thing unrarris even checking its operation." — Bockle, 
History of Virilization, vol. L, p, 25. 

88. "Some species of fresh-water shells have very 
wide ranges, and allied species which, on our theory, 
are descend'*) from a common parent, and must have 
proceeded from a single source, prevail throughout 
the world. Their distribution at first perplexed me 
much, as their ova are not likely to be transported 
by birds - and the ova, as well as the adults, are ini- 
modiately kilted by sea-water. I could not even 
understand how some naturalized species have spread 
rapidly throughout the same country. But two facts, 
which I have observed— and many others no doubt 
will be discovered — throw some light on this sub- 
focti When ducks suddenly emerge from a pond 
oorered with duck-weed, I have twice seen these 
little plants adhering to their bucks ; and it has hap- 
pene-d to me, in removing a little duck-weed from 

■ '|ii;iriiiiii lii ;uii'tliei', that I have unintentionally 

stocked the one with freah-water shells from the 



other. But another agency i 
I suspended the feet of * l" 
many ova of fresh-water akd 
I found that numbers of the 
just-hatched shells crawled on the fast, ami «ia«f to 
them so firm]; that when take* mat <J U» watar 
they could Dot be jarred off, ihoorh at a ■ ■inlaw 
more advanced age the* would roioaiarily dna> «# 
These just-hatched raollma, Lnoagb aaaatie in ti»w 
nature, survived on the dock* feet, in dana> air, iivu. 
twelve to twenty boon : and in thi* l*atpai of Cam • 
duck or heron might fly at least u or aeaaa ifMriLrad 
miles, and if blown acroa* the aea to ait --- rri-i - 
island, or to any other distant point, vowld U aw* 
to alight on a pool or rivulet Mr CWlw Jjyail 
informs me that a Dy. : ncua ha* >*•■», •aught *>ti, M . 
Ancylus (a fresh wawr aheil like a iuoj*-/ Analy 
adhering to it ; and a wal'— beetle of U* m*w iatuHy, 
a Colyrabetes, onee flew on board tL> /. 
forty-five miles distant fri a the near«Mt l*u4 ; bo* 
much farther it might liare bwai bLo*(i i/y • (**o«w 
ing gale no one can tell." — iMrwia, Origin of '/fpvtiv, 
pp. 344-5. 

29. " Covetousno*n . . , being the ana] -^ »i| 
evil, should be early and carefully waadad o^t, •**<) <(>■ 
contrary quality of a readinww to injpart i,, miu** 
implanted. This should be euusurajvvl by tfr«at 
commendation and credit, and coiiHtantly UH.-y ■ -•« 
that [the child] loses nothing bj 
the instances he gives of such fn-w — iw 
repaid, and with interest ; and !<-t him 
ceive that the kindness he shown tu 
husbandry for himself, but thai it In 
of kindness both from those that no ■ 

who look on." — Locke, Some Th ..■■■■ 

Education, § 110. 
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mmt h b*t We » the doctors.*— Dr. A. Hill, 

■'■■/;/.' in ^taw omoT /*nv*i« tf Tmmdtimf, 
Yr<4, f. Spacer, y tt& 
%'£. "Orey, in 1729, dUcoTered the properties of 

,>. —I,u tort. \\r. found that the attraction and 

■,i, which afipear in electric bodies are ex- 

rise by other bodies in contact with the 

'i ■■in'- In this ij. miner he brand that an ivory 
imt\mU%\ with a glass tube by a stick, & wire, 

Ml ■ | ... ; l.liri iid, it I ,l.r;w ii-'i anil repelled a feather, as 
In. hI' mh Ihwilf would hove done. He was then led 

■ ii, 1 llir. com ication to considerable 
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distances, first by ascending to an upper window 
and hanging down his ball, and afterwards, by 
carrying the string horizontally supported on loops. 
As his success was complete in the former case, ho 
was perplexed by failure in the latter; but when he 
supported the string by loops of silk instead of 
hempen cords, he found it again become a conductor 
of electricity. This he ascribed at first to the 
smaller thickness of the silk ; which did not carry 
off so much of the electric virtue; but from thia 
explanation be was again driven, by finding that 
wires of brass still thinner than the silk destroyed 
the effect. Thus Grey perceived thut the eflicwry <A 
the support depended on its being silk, and ho noon 
found other substances which answered the mmuo 
purpose. The difference, in fact, depended on the 
supporting substance being electric, and tlii'ivl'.i. 

not itself a conductor ; for it soon appeared tt 

such experiments, and especially from those niiuln 
by Dufay, that substances might be divided nil., 
e/rclrics per se, and nan-eleclricu, or eotuhk U» I 
These terms were introduced by DeMguliwl, '"id 
gave a permanent currency to tlie rimutU "f ihe 
labours of Grey and others."— Whowoll, Hittory of 
tlie Inductive Scieiuxs, vol. iii., p. 9, 

33. " The publication of the quartos in [ 009 glvM 
us one limit for the date of TroUux and I'm^'nln, but 
(i) certain discrepancies in tlie text, (ii) diltbi'iFiici'Hof 
style, thought, language, and metrical tjiiuliticH, ami 
(iii) important pieces of external evidence, make it 
almost certain that the play piwwd through vnrtuu* 
stages of revision, and was in all probability com- 
posed at different times." — Gollaiav, inli-ud. fa 
Troilus and Crcssida, Temple Ed. 

34. "Locke's great maxim was Ilia!, wo ought 
to reason with children. . . . Reason, apparently 
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a compound of all other faculties, the one latest 
developed, and with most difficulty, is the one pro- 
posed as agent in unfolding the faculties earliest 
used ! The noblest work of education is to make a 
reasoning man, and we expect to train a young child 
by making him reason ! This is beginning at the 
end ; this is making an instrument of a result. 
children understood how to reason they would not 
need to be educated." — Rousseau, Smile (Steeg's 
Extracts translated by Worthington), p. 52. 

35. "The most generally received theory [as 
the origin of animal coloration] undoubtedly is that 
brilliancy and variety of colour are due to the direct 
action of light and heat ; a theory no doubt derived 
from the abundance of brig] it-coloured birds, insects, 
and flowers which are brought from tropical regions. 
There are, however, two strong arguments against 
this theory. . . . Bright coloration is wanting f 
desert animals, yet here beat and light are both 
at a maximum, and if these alone were the agents 
in the production of colour, desert animals should be 
the most brilliant. Again, all naturalists who have 
lived in tropical regions know that the proportio 
bright to dull coloured species is little if any greater 
there than in the temperate zone, while there are 
many tropical groups in which bright colours : 
almost entirely unknown. . . . Again, there i 
many families of birds which spread over the whole 
world, temperate and tropical, and among these 
the tropical species rarely present any exceptional 
brilliancy of colour. . . . The samo general facts 
are found to prevail among insects. Although 
tropical insects; present some of the most gorgeoua 
coliiralimi in the whole realm of nature, yet there 
are thousands and tens of thousands of species which 
are as dull coloured as any in our cloudy land. 
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persi 



the 
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. . The various facts which have now been briefly 
lOtieed are sufficient to indicate that the light 
and heat of the sun are not the direct cuumm <.( thr 
lours of animals, although they may favour thr- 
Suction of colour, when, as in tropicnl rngiou, id., 
listent high temperature favours the di 
of the maximum of life."- — Wallace, Dartrinitm, pp. 
193-5. 

36. " It may be laid down as a fundamental pro- 
position that a wise nation will not outmidute titati- 
tutions which might bo self -supporting. ... AH 
instruction which is obviously conducive to fevriit'^afly 
earning money can be left to take care of itwlf - 
there is no occasion whatever to iiubaidize technical 
instruction, except so far as capital exp 
concerned, in any sense of the phrav, Iwmwi «. 
soon as any proficiency is seen to be likely to m 
money, people will willingly jay to in»I,U, tholf 
children to acquire it." " So long a* then! am *k ill«| 
workmen to be found, it is of no adrutug t>, tbt 
State that they should lie (lie oUMmi u\ pcrviia 
who could not afford, or were unwilling to pay f (ir 
their instruction." — Tarver, Tim />',"*..,/. 

14, 73, 71. 

37. "AtErith, in 1SGI, tben 
us explosion of a powder magazine. Tj,« villain 

Entli was some miles distant from llm maga/hm 
but in nearly all cases the window* m 
and it was noticeable that tbt wisdowa tamed away 
from the origin of the exphmiou ■ultiirivl aUnott *.. 
much as those which faced it. L«ad — rim wttt 
employed in Erith church ; and th a n, being in wirnn 
degree flexible, enabled the windowi toyield to \„. , 
sure without much fracture of gIa*H. ICvery windo* u 
the church,front and back, was bent itmardt. \„ f,^ 

the sound-wave reached the church, it w-pur^w 
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right and left, ami, (or a moment, the edifices 
by a girdle of intensely compressed air, wh 
all its windows inwards. After compression, 
the church no doubt dilated, and tended 
ilows to their first condition. The I 
of the windows, however, produced but a 
densation of the whole mass of air w 
church ; the force of the recoil was, therefi 
in comparison with the force of impact, a 
cient to undo what the latter bad accomp 
Tyndall, On Sound, p. 23. 

38. " By our various physical sensation 
aires. Nature has insured a tolerable cool 
tho chief requirements. Fortunately for u; 
fiiod, great heat, extreme cold, produce p 
too peremptory to be disregarded. And v 
habitually obey these and all like prompt 
less strong, comparatively few evils would 
fatigue of body or brain were in every cas 
by desistance ; if tho oppression produced 
atmosphere always led to ventilation; if 1 
no eating without hunger, or drinking with 
then would the system be but seldom out o 
order. But ao profound an ignorance is th 
laws of life, that men do not even know 
sensations are their natural guides, and 
rendered morbid by long continued diai 
thoir trustworthy guides. So that though 
Jly, Nature lias provided effic 
guards to health, lack of knowledge make 
less." — H. Spencer, i 



When a child falls, or runs its he; 

the table, it suffers a pain, the rcmemhranc 

tends to make it more careful. ... If it 

fire-bars, thrusts its hand into a cai 



or spills boiling water on inr part of it* skin, the 
resulting bum or scald a a katon Dot mmIv for- 
gotten- . . . Now in these cues, Nature ill mi rates 
to us in the simplest way, the true theory and prac- 
tice of moral discipline. . . . Observe, first, that in 
bodily injuries and their penalties we hare miaoonduot 
and its consequences reduced to their simplest forma. 
Though, according to their pj polar acceptation, rit/kt 
and icrong are words scarcely applicable to actions 
that have none but direct bodily effects ; yet whoever 
considers the matter will see that such actions must 
be as much classifiable under these heads as any other 
actions. . . . Note, in the second place, the charao- 
ter of the punishments by which these physical trans- 
gressions are prevented, . . . They are not artificial 
and unnecessary inflictions of pain ; but arc simply 
the beneficent checks to actions that are essentially 
at variance with bodily welfare — cheeks in the :d> 
sence of which life would !>e quickly destroyed by 
bodily injuries. . . . Let it bo further borne in 
mind that these painful reactions arc proportionate 
to the transgressions. . . . And then mark, lastly, 
that these natural reactions which follow the child's 
wrong actions, are constant, direct, unhesitating, and 
not to be escaped. , . . Have we not hen, linn, 
the guiding principle of mural education 1 . . . No 
unprejudiced reader will hesitate in Mi assent. " 
H. Spencer, Education, pp. 101-5. 

40. "Rousseau thought it was best to M ehfJdra 
incur the natural consequences of their actions, 
Spencer has reproduced the bum theory under Mm 
name of natural reactions. . . . SpasMTa priiieqile 
has been often criticized, and not unjn ilv. 

Suppose a boy is simply inattentive, during the ll n. 

The master cannot reprove biin without, infringing 
the doctrine of natural reactiutis. Hut if | hoy i-< 
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inattentive one day, and is made to suffer no incon- 
venience, he will be inattentive the next and the 
following days. A bad habit is quickly contracted, 
and the natural reaction is only produced when the 
evil is irreparable. Inattention and habitual care- 
lessness in a boy ace naturally followed by ignorance, 
intellectual inferiority to his hard-working school- 
fellows, and finally by the difficulties of life resulting 
from that inferiority. The injury is only felt a long 
time after the faults of school-life, but then it is 
irreparable. . . . The child who neglects his work 
and plays till he is tired will not feel the punishment 
of his moral fault by physical fatigue. . . . Cold 
water is agreeable when one is bathed in perspira- 
tion ; the natural reaction is inflammation of the 
lungs. Are we to wait till it comes 1 In a word, a 
man left to the mercy of natural reactions would 
descend in the animal acale ; he would not even 
live. . . . Spencer may ... be reasonably blamed 
for calling the system of discipline by natural conse- 
quences moral education. These reactions only teach 
the children the relations of natural causality (and 
that, too, not always with sufficient emphasis), but 
they are not of a moral character." — Guyau, Educa- 
tion and Heredity, pp. 188-96. 
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